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Abstract
Both sorghum and pearl millet are staple food crops for the poor people in the semi-arid tropics
(SAT). However, during the last two decades both crops are becoming less important as staple
foods in SAT countries. Demand for coarse cereals (such as sorghum and pearl millet) as human
food is decreasing in many countries, due to increased production and availability of preferred
cereals (such as rice and wheat) at subsidized prices. The poor farmers in rainfed SAT cannot grow
other crops, and are economically impacted negatively, as they do not get reasonable price for their
produce. However, possibilities of alternative uses of sorghum and pearl millet are creating new
opportunities that have potential to increase market demand and income to farmers.
An Expert Meeting on "Alternative Uses of Sorghum and Pearl Millet in Asia" was
organized to: (i) synthesize the available information and assess the future outlook for increasing
the demand and expanding market opportunities for alternative uses of sorghum and pearl
millet wi th special reference to alternative novel food products, livestock feed, starch and
brewing/distilling industries; (ii) assess existing and improved sorghum and pearl millet
cultivars for suitability of alternative uses mentioned above; and (iii) identify potential players
and opportunities for stimulating the institutional alliances among public, private, industry and
N G O sectors to enhance alternative uses and market demand. Sixty participants from China,
India, Indonesia, Pakistan, Thailand, USA and ICRISAT discussed the various aspects
(mentioned above) to enhance the utilization of sorghum and pearl millet that would lead to
sustained market demand for these crops. This, in turn, would ensure increased income and
better livelihoods for the resource-poor sorghum and pearl millet farmers in the SAT countries.
The proceedings document the 22 papers presented at the expert meeting to serve as a 
valuable reference book on alternative uses of sorghum and pearl millet.
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i m p r o v e m e n t a n d m a n a g e m e n t a n d t h e o t h e r d e a l i n g w i t h c r o p u t i l i z a t i o n
i n c l u d i n g a l t e r n a t i v e uses a n d n o v e l foods . T h i s m e e t i n g w i l l focus m a i n l y
o n a l t e r n a t i v e u t i l i z a t i o n s t ra tegies , w h i c h can o p e n u p access t o
d i v e r s i f i e d h i g h q u a l i t y p r o d u c t s , n o v e l f o o d s a n d f e e d f o r m u l a t i o n s a n d
s h o u l d u l t i m a t e l y l o o k a t t h e m a r k e t issues.
I a m h a p p y t o i n f o r m y o u t h a t s ince Janua ry 2 0 0 3 , I C R I S A T , a l o n g
w i t h o t h e r p a r t n e r s has a l r eady i n i t i a t e d a D F I D - f u n d e d p r o j e c t . T h i s i s
t i t l e d " E x p l o r i n g m a r k e t i n g o p p o r t u n i t i e s t h r o u g h a r e sea rch i n d u s t r y a n d
users c o a l i t i o n : S o r g h u m p o u l t r y f e e d " . W e h o p e t h a t t h i s p r o j e c t w i l l l e a d
t o t h e e s t a b l i s h m e n t o f m a r k e t l i n k s b e t w e e n s o r g h u m f a r m e r a n d p o u l t r y
f e e d m a n u f a c t u r e r . T h i s i s a p i l o t p r o j e c t t o e x p l o r e t h e a l t e r n a t i v e uses o f
t h e c r o p l e a d i n g t o c o m m e r c i a l i z a t i o n .
I a m v e r y h a p p y t o see a w i d e range o f p a r t i c i p a n t s f r o m a n u m b e r o f
c o u n t r i e s f r o m A s i a , a n d also f r o m U S A ; a n d a range o f p a r t n e r s - r e sea rch
i n s t i t u t i o n s , p r i v a t e s ec to r seed c o m p a n i e s , N G O s , f e e d m a n u f a c t u r e r s ,
a l c o h o l a n d beverage i n d u s t r y , sugar i n d u s t r y , snack a n d f o o d processors ,
m a r k e t specia l i s ts , f a r m e r s ' o rgan iza t ions a n d f a r m e r s . I a m t h e r e f o r e
c o n f i d e n t t h a t t h e r e s u l t s o f t h i s m e e t i n g w i l l s i g n i f i c a n t l y b o o s t o u r
i n i t i a t i v e s i n a l t e r n a t i v e uses o f s o r g h u m a n d p e a r l m i l l e t i n A s i a . B u t m o s t
o f a l l , o u r w o r k s h o u l d r e a c h t h e m o s t m a r g i n a l i z e d , d i s a d v a n t a g e d a n d
h u n g r y . W e m u s t t h e r e f o r e t a i l o r o u r r e sea rch e f f o r t s t o m e e t r ea l h u m a n
needs : r e d u c i n g p o v e r t y , hunge r , e n v i r o n m e n t a l d e g r a d a t i o n a n d soc ia l
i n e q u i t y . T h i s i s t h e h e a r t o f d o i n g sc ience w i t h a h u m a n face.
Y o u are g o i n g t o discuss a sub j ec t o f f u t u r i s t i c i m p o r t a n c e d u r i n g t h e
n e x t 4 days . I C R I S A T r e m a i n s f u l l y c o m m i t t e d t o t h i s i n i t i a t i v e o f C F C
a n d s u p p o r t e d b y m a n y o t h e r p a r t n e r s o n a l t e r n a t i v e uses o f s o r g h u m a n d
p e a r l m i l l e t i n A s i a .
I w i s h y o u a l l success i n t h i s w o r k s h o p a n d h o p e y o u w i l l e n j o y y o u r
b r i e f s tay a t I C R I S A T .
T h a n k y o u .
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Opening Remarks by the CFC
A Kuleshov1
D i s t i n g u i s h e d D i r e c t o r G e n e r a l , D r W i l l i a m D a r
D i s t i n g u i s h e d r e p r e s e n t a t i v e o f t h e F A O
D r G o w d a , G l o b a l T h e m e L e a d e r
Col l eagues , L a d i e s a n d G e n t l e m e n
I t i s a p l easu re f o r m e t o g ree t y o u o n b e h a l f o f t h e M a n a g i n g
D i r e c t o r o f t h e C o m m o n F u n d f o r C o m m o d i t i e s ( C F C ) , D r R o l f W 
B o e h n k e i n t h i s E x p e r t M e e t i n g o n u t i l i z a t i o n o f s o r g h u m a n d m i l l e t i n
A s i a . F i r s t o f a l l , I w o u l d l i k e t o t h a n k I C R I S A T , w h o s e k i n d assistance t o
t h i s p r o j e c t has m a d e t h i s m e e t i n g poss ib le . I w o u l d also l i k e t o say h o w
pleased I a m t o v i s i t t h e s ta te o f A n d h r a Pradesh o n t h i s occas ion . I w a n t t o
express m y g r a t i t u d e t o t h e p e o p l e o f A n d h r a Pradesh f o r w e l c o m i n g t h e
p a r t i c i p a n t s o f t h i s i n t e r n a t i o n a l m e e t i n g . F ina l ly , I w o u l d l i k e t o t h a n k a l l
i n t e r n a t i o n a l p a r t i c i p a n t s f o r t a k i n g t i m e t o j o i n t h e m e e t i n g .
T h e c u r r e n t m e e t i n g s t ems f r o m t w o p r o j e c t p roposa l s s u b m i t t e d t o
t h e C F C s o m e 4 years ago c o n c e r n i n g t h e r e a l i z a t i o n o f t h e d e v e l o p m e n t
p o t e n t i a l o f s o r g h u m a n d m i l l e t i n t h e s e m i - a r i d t r o p i c s ( S A T ) . W h i l e t h e
C F C r e c o g n i z e d t h e i m p o r t a n c e o f s o r g h u m a n d m i l l e t f o r p r o d u c e r s '
l i v e l i h o o d s a n d f o r gene ra l f o o d s e c u r i t y i n t h e SAT, t h e C o n s u l t a t i v e
C o m m i t t e e o f t h e C F C also n o t e d t h e c o m p l e x i t y o f t h e issues i n v o l v e d .
I n p a r t i c u l a r , t h e m a n y p r o g r a m s c u r r e n t l y b e i n g i m p l e m e n t e d i n t h i s f i e l d
m a k e p r i o r i t i z a t i o n essent ia l i n o r d e r t o j u s t i f y c o n t i n u e d d o n o r s u p p o r t
f o r t h i s u n d o u b t e d l y w o r t h y cause.
F i r s t a n d f o r e m o s t , I see t h e m e e t i n g ' s p u r p o s e a s t o i d e n t i f y a n d
p r i o r i t i z e t h e p r o b l e m s o f s o r g h u m a n d m i l l e t d e v e l o p m e n t i n A s i a a n d t o
w o r k o u t a c t i o n a b l e r e c o m m e n d a t i o n s addressed t o t h e b r o a d
d e v e l o p m e n t c o m m u n i t y . A s y s t e m a t i c a p p r o a c h t o t h e sub jec t w o u l d
a v o i d d u p l i c a t i o n a n d w o u l d h e l p a l l ev i a t e p o v e r t y a n d dea l w i t h t h e
p r o b l e m s o f n u t r i t i o n i n t h e s u b - r e g i o n .
I n p a r t i c u l a r , I h o p e t h a t t h i s E x p e r t M e e t i n g w i l l :
• I d e n t i f y and p r io r i t i ze t h e d e v e l o p m e n t issues in respect o f so rghum a n d
m i l l e t
• W o r k o u t a set o f i n t e r v e n t i o n s o n t h e basis o f t h e d e v e l o p m e n t p r i o r i t i e s
1. C o m m o n F u n d for C o m m o d i t i e s , E O . Box 7 4 6 5 6 , 1 0 7 0 B R A m s t e r d a m , T h e Nether lands .
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5• E x p l a i n t h e n a t u r e o f p r o b l e m s a n d d e v e l o p m e n t p r i o r i t i e s o f t h e t w o
c o m m o d i t i e s
• P r o v i d e s u c h k n o w l e d g e to d o n o r agencies as a basis f o r j o i n t a c t i o n .
T h i s m e e t i n g f o l l o w s a s i m i l a r m e e t i n g i n W e s t A f r i c a a n d i t i s
f i n a n c e d a s a p r o j e c t u n d e r t h e C F C Fast T r a c k P ro j ec t f a c i l i t y . T h i s i n
i t s e l f i s a n i n d i c a t i o n o f t h e a t t e n t i o n g i v e n t o t h e d e v e l o p m e n t o f s o r g h u m
a n d m i l l e t i n t h e S A T T h e C o m m o n F u n d M e m b e r c o u n t r i e s w o u l d l i s t e n
w i t h a t t e n t i o n t o t h e p r a c t i c a l r e c o m m e n d a t i o n s e m e r g i n g f r o m e x p e r t
d iscuss ions h e r e i n t h e n e x t f e w days, a n d t h e dec i s ions m a d e a f t e r w a r d s
w i l l d e p e n d o n t h e c l a r i t y a n d r e l evance o f these r e c o m m e n d a t i o n s t o t h e
o v e r a l l d e v e l o p m e n t o f t h e r e g i o n .
Lad ie s a n d G e n t l e m e n , I w i s h y o u a successful m e e t i n g .
6Message from FAO
T h e F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n o f t h e U n i t e d N a t i o n s ( F A O ) i s
g l a d t o k n o w t h a t t h e I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i -
A r i d T r o p i c s ( I C R I S A T ) a n d C o m m o n F u n d f o r C o m m o d i t i e s ( C F C ) are
o rgan i z ing a n E x p e r t M e e t i n g o n A l t e r n a t i v e Uses o f S o r g h u m a n d Pearl
M i l l e t i n A s i a . H o w e v e r , t h e F A O regre t s n o t b e i n g able t o a t t e n d t h i s
i m p o r t a n t e v e n t b u t w a n t s t o express i t s s incere t h a n k s f o r t h e i n v i t a t i o n .
B y a w a y o f c o n t r i b u t i n g t o t h e discussions, F A O i s p r o v i d i n g t h i s b r i e f
s t a t e m e n t , r e f l e c t i n g o n d e v e l o p m e n t s i n A s i a n p e a r l m i l l e t a n d s o r g h u m
m a r k e t s a n d p r o v i d i n g i t s l a tes t assessment o f t h e g l o b a l cerea l m a r k e t
s i t u a t i o n .
I t m a y b e i m p o r t a n t t o d r a w a t t e n t i o n t o a co l l abora t ive s t u d y
c o n d u c t e d b y F A O a n d I C R I S A T o n w o r l d s o r g h u m a n d m i l l e t m a r k e t s
(Source : F A O a n d I C R I S A T 1 9 9 6 . T h e w o r l d s o r g h u m a n d m i l l e t
economies : Facts, t r e n d s a n d o u t l o o k ) . R e f l e c t i n g o n t h e m a i n f ind ings o f
t h a t s tudy, i t c o u l d b e said t h a t l i t t l e has changed i n s o r g h u m a n d m i l l e t
economies , b o t h i n g loba l a s w e l l a s reg ional t e r m s , since t h e p u b l i c a t i o n o f
t h e resul ts i n 1 9 9 6 . S o r g h u m a n d m i l l e t r e m a i n i m p o r t a n t cereals i n As ia ,
a l t h o u g h w e l l b e h i n d r i c e , w h e a t , ma ize a n d barley. None the l e s s , nea r ly
8 0 % o f t h e s o r g h u m c r o p a n d over 8 5 % o f t h e m i l l e t c r o p are c o n s u m e d a s
f o o d i n A s i a . F o o d c o n s u m p t i o n o f s o r g h u m a n d m i l l e t has b e e n d e c l i n i n g
gradua l ly over t h e past decade across m o s t A s i a n coun t r i e s . I n I n d i a , t h e
largest s o r g h u m consumer , t h e p e r c a p u t f o o d c o n s u m p t i o n o f s o r g h u m has
d e c l i n e d f r o m over 1 1 k g i n t h e 1990s t o a r o u n d 7 k g i n r ecen t years; f o r
m i l l e t , t h e pe r c a p u t f o o d c o n s u m p t i o n has f a l l en f r o m a r o u n d 1 0 k g t o less
t h a n 9 k g . These dec l ines are m o s t l y d r i v e n by a c o n t i n u i n g decrease in
p r o d u c t i o n d u r i n g t h e past t w o decades, o f s o r g h u m i n pa r t i cu la r . To ta l
s o r g h u m p r o d u c t i o n i n A s i a has d r o p p e d b y a l m o s t 5 0 % since t h e m i d -
1980s, t o a r o u n d 1 1 m i l l i o n t , d u e m o s t l y t o sma l l e r o u t p u t s i n I n d i a a s w e l l
a s i n C h i n a , t h e second largest s o r g h u m m a r k e t i n A s i a . A l t h o u g h p l a n t e d
area has also d e c l i n e d i n C h i n a , r e d u c t i o n i n y i e ld s i s t h e f ac to r f o r sma l l e r
s o r g h u m p r o d u c t i o n i n b o t h c o u n t r i e s . I n fac t , a s i t was also s t a t ed i n t h e
j o i n t F A O a n d I C R I S A T study, s l o w p r o d u c t i v i t y g r o w t h a n d l o w e r
p r o d u c e r p r ices have r e d u c e d t h e c o m p e t i t i v e n e s s o f m i l l e t a n d s o r g h u m ,
r e s u l t i n g i n c r o p s u b s t i t u t i o n i n m a n y areas.
Trade p a t t e r n s i n these cereals have also c h a n g e d l i t t l e i n t h e past
decade . I n t h e g loba l c o n t e x t , t r a d e i n m i l l e t i s v e r y s m a l l a n d t h e A s i a n
share i s a b o u t 2 0 % a n d gene ra l l y s tab le . For s o r g h u m , o u t o f t h e e s t i m a t e d
w o r l d t r a d e v o l u m e o f 7 - 8 m i l l i o n t , A s i a n c o u n t r i e s r e p r e s e n t r o u g h l y
3 0 % b u t n e a r l y a l l o f t h o s e i m p o r t s are m a d e b y one c o u n t r y - Japan. W i t h
t r a d e l a rge ly n e u t r a l t o d o m e s t i c m a r k e t d e v e l o p m e n t s o f s o r g h u m a n d
m i l l e t i n m o s t A s i a n c o u n t r i e s , t h e d e c l i n i n g t r e n d i n t h e i r p r o d u c t i o n
c o u l d r e f l e c t a c o n t i n u i n g c o n t r a c t i o n i n o v e r a l l d e m a n d f o r these cereals.
T h i s c o u l d b e a n i m p o r t a n t issue f o r discussions i n t h i s E x p e r t M e e t i n g .
A t t h i s p o i n t , i t m a y b e o p p o r t u n e t o d r a w t h e G r o u p ' s a t t e n t i o n t o
F A O ' s latest v i e w s o n t h e c u r r e n t m a r k e t s i t u a t i o n fo r cereals. A c c o r d i n g t o
t h e i n f o r m a t i o n r e p o r t e d i n F o o d O u t l o o k , June 2 0 0 3 , g loba l cereal o u t p u t
i n 2 0 0 3 i s e s t i m a t e d a t 1 9 1 4 m i l l i o n t ( i n c l u d i n g r i ce i n m i l l e d e q u i v a l e n t ) ,
u p some 4 % above f r o m t h e p rev ious year ' s be low-average l eve l . W o r l d
w h e a t p r o d u c t i o n i n 2 0 0 3 i s forecast a t 5 8 4 m i l l i o n t , u p 2 % above t h e
p rev ious year 's p o o r c r o p , a l t h o u g h b e l o w t h e average o f t h e past f ive years.
A t t h e reg iona l l eve l , o u t p u t i s forecast t o r e b o u n d s t rongest i n N o r t h
A m e r i c a , Ocean ia and i n N o r t h A f r i c a . I n As ia , o u t p u t c o u l d dec l ine b y 2 %
a n d t h i s largely d u e t o C h i n a , I n d i a a n d Pakistan, w h e r e d r y c o n d i t i o n s have
caused area r e d u c t i o n s . W o r l d coarse grains o u t p u t i n 2 0 0 3 i s seen to
increase b y 6 % t o 9 3 4 m i l l i o n t . A s i n t h e case o f w h e a t , t h e year-on-year
increase w o u l d b e largely d u e t o a n e x p e c t e d r ecove ry i n p r o d u c t i o n i n
N o r t h A m e r i c a a n d Ocean ia f o l l o w i n g 2 0 0 2 d r o u g h t - r e d u c e d crops .
H o w e v e r , o u t p u t i s also set t o rise sharp ly i n S o u t h A m e r i c a , w h e r e Braz i l
has ga the red a b u m p e r ma ize c r o p . E l sewhere , i n As ia , A f r i c a a n d C e n t r a l
A m e r i c a t h e coarse grains o u t p u t i s forecast t o r e m a i n r e l a t i ve ly u n c h a n g e d
i n 2 0 0 3 . W o r l d p r o d u c t i o n o f s o r g h u m i n 2 0 0 3 i s forecast a t 5 9 m i l l i o n t , u p
5 m i l l i o n t f r o m 2 0 0 2 w i t h m o s t o f t h e expansions i n t h e U n i t e d States.
W o r l d p r o d u c t i o n o f m i l l e t i s forecast t o e x p a n d b y near ly 3 m i l l i o n t i n
2 0 0 3 t o nea r ly 2 7 m i l l i o n t , w i t h a large increase e x p e c t e d i n I n d i a .
A s f o r r i c e p r o d u c t i o n , based o n t h e ha rves t resu l t s i n t h e s o u t h e r n
h e m i s p h e r e s o far, a n d t h e ea r ly i n d i c a t i o n s o f p l a n t i n g i n t e n t i o n s i n t h e
n o r t h e r n h e m i s p h e r e , o v e r a l l g l o b a l o u t p u t i n 2 0 0 3 i s forecas t a t 3 9 6
m i l l i o n t ( 5 9 2 m i l l i o n t i n p a d d y t e r m s ) , 2 % h i g h e r t h a n t h e p r e v i o u s
year ' s r e d u c e d l e v e l . H o w e v e r , t h i s f i g u r e i s s t i l l h i g h l y t e n t a t i v e , s ince t h e
f i n a l o u t c o m e w i l l d e p e n d l a rge ly o n t h e t i m i n g , e x t e n t a n d d i s t r i b u t i o n o f
t h e A s i a n m o n s o o n r a i n f a l l .
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8P r e l i m i n a r y i n d i c a t i o n s f o r w o r l d ce rea l u t i l i z a t i o n i n 2 0 0 3 / 0 4
m a r k e t i n g season p o i n t t o a poss ib le increase o f a r o u n d 1.3% t o 1 9 8 1
m i l l i o n t . C e r e a l f o o d c o n s u m p t i o n i s l i k e l y t o k e e p pace w i t h p o p u l a t i o n
g r o w t h a n d ce rea l f e e d use i s e x p e c t e d t o s h o w a n increase o f a r o u n d
1.6%, m a i n l y o n e x p e c t a t i o n o f a s t r o n g p r o d u c t i o n r e b o u n d i n several
d e v e l o p e d c o u n t r i e s . E a r l y i n d i c a t i o n s f o r g l o b a l cerea l s tocks b y t h e e n d
o f seasons i n 2 0 0 4 p o i n t t o a s i g n i f i c a n t d r a w d o w n f o r t h e f o u r t h
c o n s e c u t i v e season. W o r l d ce rea l s tocks a t t h e e n d o f c o u n t r i e s ' m a r k e t i n g
seasons i n 2 0 0 4 are t e n t a t i v e l y p u t a t 3 9 9 m i l l i o n t , s o m e 6 9 m i l l i o n t o r
1 5 % b e l o w t h e i r o p e n i n g levels . A l t h o u g h a b igger g l o b a l p r o d u c t i o n i s
e x p e c t e d i n 2 0 0 3 , t h e p r o j e c t e d t o t a l ce rea l u t i l i z a t i o n i n 2 0 0 3 / 0 4 w o u l d
s t i l l e x c e e d t h e a n t i c i p a t e d p r o d u c t i o n , t h u s necess i t a t ing a n o t h e r
s i g n i f i c a n t release o f s tocks . A s i n t h e p r e v i o u s seasons, C h i n a w o u l d
a c c o u n t f o r t h e b u l k o f t h e r e d u c t i o n i n w o r l d s tocks .
F A O ' s f i r s t fo recas t o f t h e g loba l t r a d e i n cereals i n 2 0 0 3 / 0 4
m a r k e t i n g seasons s tands a t 2 3 1 m i l l i o n t , w h i c h w o u l d r ep re sen t a 3 .5%
c o n t r a c t i o n c o m p a r e d t o 2 0 0 2 / 0 3 . I t i s e x p e c t e d t h a t t r a d e i n n e a r l y a l l
m a j o r cereals w i l l decrease i n t h e n e w season w i t h t h e m o s t s ign i f i can t
d e c l i n e p r o j e c t e d f o r w h e a t . I n t e r n a t i o n a l w h e a t t r a d e i n 2 0 0 3 / 0 4 c o u l d
f a l l t o a f ive -yea r l o w o f j u s t 1 0 0 m i l l i o n t , w i t h i m p o r t s d o w n 6 m i l l i o n t 
f r o m t h e r e d u c e d 2 0 0 2 / 0 3 e s t i m a t e d l e v e l . M o s t o f t h e a n t i c i p a t e d
d e c l i n e i s e x p e c t e d i n t h e E u r o p e a n U n i o n , w h e r e i m p o r t s are forecas t t o
b e c u t sha rp ly f o l l o w i n g t h e r e c e n t i m p o s i t i o n o f a n i m p o r t q u o t a s y s t e m
t h a t w o u l d p r e v e n t large i m p o r t s o f cheap w h e a t , e spec ia l ly f r o m U k r a i n e
a n d t h e Russian F e d e r a t i o n . G l o b a l t r a d e i n coarse grains i n 2 0 0 3 / 0 4 c o u l d
b e 105 m i l l i o n t , a b o u t 1.5 m i l l i o n t l o w e r t h a n i n 2 0 0 2 / 0 3 . A g a i n , m o s t o f
t h e decrease w o u l d b e c o n c e n t r a t e d i n d e v e l o p e d c o u n t r i e s , w h e r e t o t a l
i m p o r t s are forecas t t o r e a c h a f ive -yea r l o w o f a r o u n d 3 3 m i l l i o n t , d o w n
3 m i l l i o n t f r o m 2 0 0 2 / 0 3 , m a i n l y o n a c c o u n t o f s m a l l e r m a i z e purchases
b y Canada . A m o n g t h e i n d i v i d u a l coarse grains, r e d u c e d m a i z e a n d b a r l e y
t r a d e w o u l d a c c o u n t f o r m o s t o f t h e a n t i c i p a t e d d e c l i n e i n w o r l d t r a d e .
W o r l d t r a d e i n s o r g h u m i s fo recas t t o r e m a i n s table a t a r o u n d 7 m i l l i o n t i n
2 0 0 3 / 0 4 w h i l e t r a d e i n m i l l e t c o u l d c o n t r a c t s l i g h t l y t o a b o u t 1 6 0
t h o u s a n d t . I n t e r n a t i o n a l t r a d e i n r i c e i n 2 0 0 3 i s forecas t t o r e a c h 2 7 . 1
m i l l i o n t , p o i n t i n g t o a c o n t r a c t i o n o f 1 m i l l i o n t f r o m t h e p r e v i o u s year.
T h e yea r - to -yea r d r o p m a i n l y r e f l e c t s e x p e c t a t i o n s o f a sharp d e c l i n e i n
e x p o r t s b y I n d i a a n d A u s t r a l i a , f o l l o w i n g p r o d u c t i o n se tbacks i n these t w o
c o u n t r i e s , w h i l e o n t h e i m p o r t s ide , i t r e su l t s f r o m sma l l e r de l i ve r i e s t o
s o m e o f t h e m a j o r r i c e m a r k e t s , i n c l u d i n g t h e P h i l i p p i n e s , I ndones i a , t h e
I s l a m i c R e p u b l i c o f I r a n a n d I r a q .
I n t e r n a t i o n a l p r i ces o f m o s t cereals r e m a i n e d gene ra l ly f i r m since
A p r i l b u t t h e o u t l o o k f o r t h e c o m i n g m o n t h s i s m i x e d . For w h e a t ,
e x p o r t a b l e ava i l ab i l i t i e s a m o n g n o n - t r a d i t i o n a l e x p o r t e r s are forecas t t o
d r o p . H o w e v e r , f avorab le c r o p p rospec t s a m o n g m a j o r e x p o r t e r s , c o u p l e d
w i t h t h e forecas t c o n t r a c t i o n i n w o r l d i m p o r t d e m a n d i n 2 0 0 3 / 0 4 , c o u l d
p u t p r i ces u n d e r d o w n w a r d pressure i n t h e c o m i n g m o n t h s . For coarse
grains , w i t h a n a n t i c i p a t e d sharp d e c l i n e i n m a i z e e x p o r t s a n d s tocks i n
C h i n a a n d m u c h s m a l l e r f e e d w h e a t supp l ies i n w o r l d m a r k e t s , t h e
2 0 0 3 / 0 4 g l o b a l s u p p l y a n d d e m a n d seems f a i r l y ba l anced , a n d
i n t e r n a t i o n a l p r i ces are e x p e c t e d t o r e m a i n close t o t h i s year ' s levels .
Prospects f o r i n t e r n a t i o n a l r i c e p r i ces ove r t h e c o m i n g m o n t h s p o i n t t o
s o m e increases, s ince supp l ies avai lable f o r e x p o r t have c o m e u n d e r
pressure i n t h e face o f a resurgence i n i n t e r n a t i o n a l d e m a n d , p a r t i c u l a r l y
b y B r a z i l a n d s o m e c o u n t r i e s i n A f r i c a . H o w e v e r , b e y o n d t h i s p e r i o d , t h e
p r i c e o u t l o o k w i l l b e i n f l u e n c e d b y t h e s ta tus o f p a d d y c rops i n n o r t h e r n
h e m i s p h e r e c o u n t r i e s .
U n d e r t h e scenarios m e n t i o n e d above, t h e e x p e r t m e e t i n g o n
a l t e r n a t i v e uses o f s o r g h u m a n d p e a r l m i l l e t i s e x t r e m e l y t o e x p l o r e w a y s
t o enhance p r o d u c t i o n a n d u t i l i z a t i o n s o t h a t p o o r f a r m e r s i n t h e s e m i - a r i d
t r o p i c s can b e n e f i t . F A O wishes a l l p a r t i c i p a n t s a successful m e e t i n g
d u r i n g t h e n e x t f o u r days.
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Objectives of the Expert Meeting on
Alternative Uses of Sorghum and
Pearl Millet in Asia
CLL Gowda1
O n b e h a l f o f t h e O r g a n i z i n g C o m m i t t e e , 1 w o u l d l i k e t o w e l c o m e a l l t h e
p a r t i c i p a n t s t o t h i s E x p e r t M e e t i n g o n A l t e r n a t i v e Uses o f S o r g h u m a n d
Pearl M i l l e t i n A s i a . A special w e l c o m e a n d t h a n k s t o M r A n d r e y K u l e s h o v
f r o m t h e C o m m o n F u n d f o r C o m m o d i t i e s ( C F C ) , a n d delegates f r o m
C h i n a , I n d i a , Indones ia , Pakis tan, T h a i l a n d a n d U S A ; a n d o f course m y
colleagues f r o m I C R I S A T , i n c l u d i n g D r A B O b i l a n a w h o has t r a v e l e d f r o m
N a i r o b i . Specia l t h a n k s t o M r M y l e s M i e l k e , Secre tary o f F A O ' s
I n t e r g o v e r n m e n t a l G r o u p o n G r a i n s f o r his s u p p o r t t o h o l d i n g t h e m e e t i n g .
S o r g h u m ( S o r g h u m b ico lo r ) a n d p e a r l m i l l e t (Pennisetum g l a u c u m ) are
t h e t w o m o s t i m p o r t a n t cereal c rops g r o w n large ly u n d e r r a i n f e d c o n d i t i o n s
i n t h e s e m i - a r i d t r o p i c s ( S A T ) o f As ia , A f r i c a a n d t h e A m e r i c a s . S o r g h u m i s
g r o w n over 9 0 coun t r i e s i n t h e w o r l d ; As i a accounts 2 9 % a n d A f r i c a 5 2 % o f
4 2 . 8 m i l l i o n h a o f t o t a l w o r l d area. I n A s i a , I n d i a accounts 8 4 % , C h i n a 8 %
a n d T h a i l a n d 1.4% o f t h e t o t a l 12.5 m i l l i o n h a area. T h e w o r l d e s t i m a t e d
s o r g h u m p r o d u c t i o n i s 5 9 m i l l i o n t , w i t h a p r o d u c t i v i t y o f 1.4 t ha - 1 . Ind ia ' s
t o t a l p r o d u c t i o n i s e s t i m a t e d t o b e 9.5 m i l l i o n t , 7 4 % o f A s i a , f r o m a t o t a l o f
10.5 m i l l i o n ha g r o w n . P r o d u c t i v i t y in I n d i a i s l ow , w i t h 1.0 t ha - 1 i n r a i n y
season a n d 0.8 t ha"1 in p o s t r a i n y season. On t h e o t h e r h a n d , Ch ina ' s
p r o d u c t i v i t y i s e s t i m a t e d to be 2.8 t ha - 1 w i t h a t o t a l p r o d u c t i o n of 2 .7
m i l l i o n t a c c o u n t i n g 2 1 % o f Asia ' s p r o d u c t i o n . T h a i l a n d p roduces 0 .17
m i l l i o n t ( 1 . 3 % o f As ia ) f r o m 0 . 1 1 ha w i t h a p r o d u c t i v i t y o f 1.57 t ha - 1 .
Pearl m i l l e t i s a c r o p a d a p t e d t o d r o u g h t - p r o n e , l o w f e r t i l i t y , sal ine
a n d a c i d soils a n d i s r e p o r t e d t o b e c u l t i v a t e d i n 3 0 c o u n t r i e s o f A s i a a n d
A f r i c a ove r 2 6 m i l l i o n ha, o f w h i c h 4 6 % i s i n A s i a ( 1 1 . 5 m ha ) , w i t h I n d i a
a c c o u n t i n g f o r 4 3 % ( 1 0 . 7 m ha) o f t h e t o t a l w o r l d area. I t s p r o d u c t i v i t y
ranges f r o m 0 .6 to 0 .7 t ha - 1 b o t h in A s i a a n d A f r i c a . I n d i a p r o d u c e s 9 
m i l l i o n t w i t h a p r o d u c t i v i t y o f 0 . 75 t ha - 1 , C h i n a 1.94 m i l l i o n t w i t h a 
p r o d u c t i v i t y o f 1.43 t ha - 1 . T h a i l a n d has p o t e n t i a l t o c u l t i v a t e p e a r l m i l l e t
i n m a r g i n a l soils .
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1. I C R I S A T , Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, I n d i a .
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I n m o s t o f t h e d e v e l o p i n g c o u n t r i e s o f these c o n t i n e n t s b o t h
s o r g h u m a n d p e a r l m i l l e t c o n t r i b u t e s i g n i f i c a n t l y t o f o o d a n d n u t r i t i o n a l
s e c u r i t y o f t h e r u r a l a n d u r b a n p o o r p e o p l e . C u r r e n t l y , I n d i a , C h i n a a n d
T h a i l a n d i n A s i a are p l a y i n g a m a j o r r o l e i n t h e d e v e l o p m e n t o f s o r g h u m
a n d p e a r l m i l l e t c u l t i v a r s i n p u b l i c a n d p r i v a t e sectors i n p a r t n e r s h i p w i t h
I C R I S A T . T h e a d o p t i o n o f i m p r o v e d a n d h i g h - y i e l d i n g c u l t i v a r s i s va r i ab le
b e t w e e n c rops a n d c o u n t r i e s espec ia l ly i n I n d i a h a v i n g > 6 5 % o f t h e area i n
s o r g h u m , a n d 8 0 % i n p e a r l m i l l e t . H o w e v e r , f a r m e r s d o n o t ge t
r e m u n e r a t i v e p r i ces . O n e o f t h e reasons f o r t h e l o w f a r m - g a t e p r ices i s t h e
several layers o f t r a d e r s b e t w e e n f a r m e r s a n d c o n s u m e r s . I n t h e r a i n y
season, s o r g h u m is a f f e c t e d by g r a i n m o l d s , a disease caused by a c o m p l e x
o f f u n g i , m o s t l y i n c l u d i n g Fusarium spp a n d Curvularia spp , w h i c h
p r o d u c e f u m o n i s i n , a m y c o t o x i n t h a t i s r e p o r t e d t o b e ca rc inogen ic a n d
i m m u n o s u p p r e s s i v e agent .
B o t h s o r g h u m a n d p e a r l m i l l e t w e r e s tap le cereals f o r t h e p o o r
p e o p l e i n t h e S A T w h e n I C R I S A T was e s t ab l i shed 3 1 years ago. H o w e v e r ,
b o t h c rops are b e c o m i n g less i m p o r t a n t i n t h e e c o n o m i e s o f t h e S A T
c o u n t r i e s , a n d t h e d e m a n d f o r these grains a s h u m a n f o o d has been
d e c l i n i n g i n t h e past 3 0 years ( S o u r c e : Ryan a n d Spence r 2 0 0 1 . F u t u r e
chal lenges a n d o p p o r t u n i t i e s f o r a g r i c u l t u r a l R & D i n t h e s e m i - a r i d
t r o p i c s ) . T h i s i s m o r e e v i d e n t i n A s i a (espec ia l ly i n S o u t h A s i a ) , w h e r e
t h e i r share o f f o o d budge t s o f p o o r i n S A T i n d e x f e l l f r o m 1 7 % i n ea r ly
1970s t o a r o u n d 6 % i n ear ly 1990s . T h e i m p l i c a t i o n i s t h a t p r o d u c t i v i t y
i m p r o v e m e n t o f these cereals has also l e d t o p r i c e r e d u c t i o n . T h i s i s m a d e
w o r s e by t h e g o v e r n m e n t po l i c i e s f a v o r i n g r ice (Oryza sativa) a n d w h e a t
( T r i t i c u m aestivum), a t t h e cos t o f s o r g h u m a n d p e a r l m i l l e t . For e x a m p l e ,
i n I n d i a t h e s u b s i d i z e d r i c e a n d w h e a t avai lable u n d e r t h e P u b l i c
D i s t r i b u t i o n S y s t e m , a t p r i ces l o w e r t h a n t h e p r i c e o f s o r g h u m a n d p e a r l
m i l l e t have adverse ly a f f e c t e d t h e m a r k e t p r i c e o f t h e l a t t e r . N a t u r a l l y , t h e
p o o r f a r m e r s o f r a i n f e d S A T w h o c a n n o t g r o w c rops o t h e r t h a n s o r g h u m
a n d p e a r l m i l l e t are e c o n o m i c a l l y i m p a c t e d negat ive ly , a s t h e y c a n n o t ge t
reasonable p r i c e f o r t h e p r o d u c e a n d t h e r e b y are f o r c e d i n t o t h e v i c i o u s
c y c l e o f p o v e r t y a n d indeb tednes s .
H o w e v e r , t h e r e i s h o p e . Recen t g r o w t h a n d f u t u r e p r o j e c t i o n s o f
aggregate d e m a n d p a t t e r n s suggest t h a t t h e r e w i l l b e subs t an t i a l increase
i n t h e d e m a n d f o r a n i m a l p r o d u c t s ( m e a t , m i l k a n d eggs) i n d e v e l o p i n g
c o u n t r i e s b y 2 0 2 0 ( S o u r c e : Ryan a n d Spence r 2 0 0 1 . F u t u r e chal lenges a n d
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o p p o r t u n i t i e s f o r a g r i c u l t u r a l R & D i n t h e s e m i - a r i d t r o p i c s ) . I n a d d i t i o n t o
t h i s , t h e r e are p o s s i b i l i t i e s o f o t h e r a l t e r n a t i v e uses o f s o r g h u m a n d p e a r l
m i l l e t s u c h as n o v e l foods , p rocessed foods a n d i n d u s t r i a l uses - s t a rch ,
beverages a n d e t h a n o l .
S o r g h u m a n d p e a r l m i l l e t i m p r o v e m e n t r e sea rch a t I C R I S A T m a k e s
grea t success s tor ies , e spec ia l ly i n t h e c o n t e x t o f I n d i a , w h i c h i s t h e largest
p r o d u c e r o f b o t h c rops i n A s i a . M o r e t h a n 5 0 h y b r i d s o f s o r g h u m a n d
m o r e t h a n 7 0 h y b r i d s o f p e a r l m i l l e t are g r o w n o n 6 0 - 6 5 % o f t h e t o t a l area
u n d e r these t w o c r o p s i n I n d i a . A b o u t 7 0 - 8 0 % o f these h y b r i d s are based
o n I C R I S A T - b r e d m a l e - s t e r i l e l ines , o r o n p r o p r i e t a r y p a r e n t a l l ines
d e v e l o p e d f r o m I C R I S A T - b r e d g e r m p l a s m .
V e r y l i t t l e o f t h e above w o u l d have o c c u r r e d h a d i t n o t b e e n f o r
p r o d u c t i v e p u b l i c - p r i v a t e sec to r p a r t n e r s h i p s w i t h d ive rse sectors i n b o t h
c rops . I C R I S A T f i r m l y be l ieves i n t h e p o w e r o f p a r t n e r s h i p s , w h i c h b r ings
t o g e t h e r t h e i r c o m p l e m e n t a r y sk i l l s a n d resources t o genera te t h e synergy
r e q u i r e d t o enhance t h e pace o f t e c h n o l o g y d e v e l o p m e n t a n d
d i s s e m i n a t i o n .
C o m m e r c i a l i z a t i o n o f a l t e r n a t i v e f o o d , f e e d a n d i n d u s t r i a l p r o d u c t s
i s o n e o f t h e w a y s t o increase m a r k e t d e m a n d f o r s o r g h u m a n d p e a r l
m i l l e t . T h i s , h o w e v e r , w o u l d r e q u i r e i n n o v a t i v e i n s t i t u t i o n a l a l l iances . I 
a m c o n v i n c e d t h a t t h i s m e e t i n g w i l l b e able t o i d e n t i f y c o m m e r c i a l i z a b l e
f o o d , f e e d a n d i n d i r e c t p r o d u c t s , i d e n t i f y research a n d d e v e l o p m e n t
p r i o r i t i e s , a n d also i d e n t i f y p o t e n t i a l p a r t n e r s t o d e v e l o p i n n o v a t i v e
i n s t i t u t i o n a l a l l iances .
T h e r e i s u r g e n t n e e d t o d e v e l o p a n d s t r e n g t h e n n e w l inkages a n d
r e l a t i o n s h i p s b e t w e e n c o m m o d i t y p r o d u c e r s ( t h e s m a l l - h o l d e r f a r m e r s ) ,
c o m m o d i t y - b a s e d science, a n d c o m m o d i t y m a r k e t s , i n c l u d i n g i n d u s t r i a l
users. I n n o v a t i o n s , b o t h t e c h n i c a l a n d i n s t i t u t i o n a l , n e e d t o b e p r o m o t e d
t h r o u g h a b r o a d e r a n d m o r e i t e r a t i v e set o f r e l a t i o n s h i p s t h a n t h o s e
e m b o d i e d i n c o n v e n t i o n a l r e s e a r c h - e x t e n s i o n - f a r m e r m o d e l o f
a g r i c u l t u r a l i n n o v a t i o n . G i v i n g c o n t e x t a n d u r g e n c y t o t h i s i s t h e
inc reas ing e v i d e n c e t h a t l a c k o f access t o m a r k e t s i s a g rea te r c o n s t r a i n t t o
t h e d i v e r s i f i e d l i v e l i h o o d s t r a t egy o f c o n t e m p o r a r y p o o r r u r a l h o u s e h o l d s ,
t h a n t h e l a c k o f access t o f o o d p e r se. I n t h e case o f coarse cereals, p r i v a t e
sec to r i n d u s t r i a l u t i l i z a t i o n has c r e a t e d m a r k e t o p p o r t u n i t i e s a n d t h e r e i s
p o t e n t i a l f o r e x p a n s i o n b o t h i n t e r m s o f scope a n d v o l u m e . H o w e v e r , t h e
i n s t i t u t i o n a l a r r angemen t s ( ru les a n d n o r m s ) a n d r e l a t i o n s h i p s
( p a r t n e r s h i p s a n d a l l iances) l i n k i n g science, p r o d u c e r s a n d m a r k e t s n e e d
t o o p e r a t e i n a m u c h m o r e e f f e c t i v e f a sh ion t h a n t h e y d o n o w .
A m a j o r i t y o f t h e papers a t t h i s m e e t i n g discuss t h e va r ious aspects o f
these e x i s t i n g a n d p o t e n t i a l a l t e r n a t i v e uses o f t h e c rops . T h e r e f o r e , t h e
t h r e e m a j o r ob jec t ives o f t h e m e e t i n g are t o :
• Syn thes i ze t h e avai lable i n f o r m a t i o n a n d assess t h e f u t u r e o u t l o o k f o r
inc reas ing t h e d e m a n d a n d e x p a n d i n g m a r k e t o p p o r t u n i t i e s f o r
a l t e r n a t i v e uses o f s o r g h u m a n d p e a r l m i l l e t w i t h specia l r e fe rence t o
a l t e r n a t i v e n o v e l f o o d p r o d u c t s , l i v e s t o c k f eed , s t a r c h a n d b r e w i n g /
d i s t i l l i n g i n d u s t r i e s .
• Assess e x i s t i n g a n d i m p r o v e d s o r g h u m a n d p e a r l m i l l e t c u l t i v a r s f o r
s u i t a b i l i t y o f a l t e r n a t i v e uses m e n t i o n e d above .
• I d e n t i f y p o t e n t i a l p layers a n d o p p o r t u n i t i e s f o r s t i m u l a t i n g t h e
i n s t i t u t i o n a l a l l iances a m o n g p u b l i c , p r i v a t e , i n d u s t r y a n d N G O sectors
t o enhance a l t e r n a t i v e uses ( i n c l u d i n g i n d u s t r i a l u t i l i z a t i o n ) a n d m a r k e t
d e m a n d .
I s i nce re ly h o p e t h a t t o g e t h e r w e can m a p o u t t h e s t ra tegy f o r
d i v e r s i f i e d a l t e r n a t i v e uses a n d n u r t u r e t h e necessary i n s t i t u t i o n a l
al l iances . I w i s h y o u a l l t h e bes t f o r a successful m e e t i n g .
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Importance and Economics of Sorghum and
Pearl Millet Production in Asia
B Dayakar Rao, BS Rana, S Hyma Jyothi, K Karthikeyan,
KA Bharath Kumar and N Seetharama1
Abstract
The relative importance of sorghum and pearl millet as food grains in Asia is 
decreasing in terms of cultivated area and production. The same trend is in India 
except that the productivity of pearl millet is increasing. Generally the above 
changes can be explained in terms of increasing incomes, change in consumers' 
preferences and tastes, subsidized supply of wheat and rice through Public 
Distribution System (PDS), etc. Despite the decline in their consumption, food use 
still accounts for major share, especially of pearl millet. Sorghum is passing a 
transition stage from mere food and fodder crop to a valued industrial raw 
material such as feed (in India), sweet sorghum alcohol (in China and Thailand) 
and forage (in Pakistan). 
Cotton, groundnut, pulses and castor are the major crops replacing sorghum 
in many areas. Soybean is the competing crop, especially in central and western 
India replacing sorghum. Cotton, sunflower, maize, groundnut, pulses and 
soybean are replacing pearl millet. Some factors responsible for replacement of 
sorghum and pearl millet by these competing crops are low productivity and 
profitability of sorghum and pearl millet vis-a-vis competing crops, increased 
irrigation availability and price support to other cash crops. The net returns from 
irrigated sorghum are up to five times that of dryland sorghum in India, making a 
pathway for its future commercialization. 
The investment in R&D and outcome of research from private sector is 
growing at a faster rate than the public sector. Industrial uses such as animal feed, 
alcohol production (grain and sweet sorghum), jaggery and syrup (sweet 
sorghum), processed foods, malt/brewing and red sorghum exports will be the 
driving forces for commercialization of sorghum and pearl millet. 
Productivity enhancement (maximization of yields) is the alternative in the 
absence of prospects of any increase in real prices of output. This will result in 
lowering per unit cost of production. Thus, yield improvements and value-addition 
through industrial utilization may enhance the profitability and alleviate rural 
poverty. Marketing, contract farming and farmer-industry linkages are the niches 
for commercialization of these crops. 
1. Nat ional Research Cent re for Sorghum, Rajendranagar, Hyderabad 500 030 , A n d h r a Pradesh, India.
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S o r g h u m (Sorghum bicolor) i s c u l t i v a t e d ove r 4 2 m i l l i o n h a i n t h e s e m i - a r i d
regions o f A s i a , A m e r i c a s , A u s t r a l i a a n d A f r i c a . W o r l d p r o d u c t i o n o f s o r g h u m
t ra i l s b e h i n d r i c e (Oryza sativa), m a i z e (Zea mays), w h e a t (Triticum 
aestivum) a n d ba r l ey (Hordeum vulgare). T h e d e v e l o p i n g c o u n t r i e s in A s i a
a n d A f r i c a c o n t r i b u t e 9 0 % o f t o t a l s o r g h u m area a n d 7 0 % o f t o t a l s o r g h u m
p r o d u c t i o n . A s i a a lone c o n t r i b u t e s 3 0 % o f w o r l d s o r g h u m p r o d u c t i o n . T h e
s o r g h u m area to t o t a l cereals area i s a meage r 3 .69%; h o w e v e r , i t i s t h e f i f t h
i m p o r t a n t cerea l i n A s i a . S o r g h u m p r o d u c t i o n i n A s i a i s c o n c e n t r a t e d m a i n l y
i n I n d i a a n d C h i n a , w h i c h t o g e t h e r c o n t r i b u t e 8 6 % o f As ia ' s t o t a l s o r g h u m
p r o d u c t i o n . O t h e r A s i a n c o u n t r i e s l i k e M y a n m a r , T h a i l a n d , Pakis tan a n d
Y e m e n have r e l a t i v e l y a s m a l l e r share. O f t h e t w o m a j o r p r o d u c e r s o f A s i a ,
I n d i a a lone c o n t r i b u t e s 6 7 % o f As ia ' s t o t a l s o r g h u m p r o d u c t i o n . A r e a a n d
p r o d u c t i o n o f s o r g h u m i n I n d i a , C h i n a a n d A s i a e x h i b i t a d o w n w a r d t r e n d
d u r i n g t h e last decade (Figs. 1 a n d 2 ) . S o r g h u m i s gene ra l ly g r o w n f o r f o o d a n d
f o d d e r b y t h e r e s o u r c e - p o o r f a r m e r s i n t h e d r y l a n d regions o f t h e s e m i - a r i d
t r o p i c s o f f e r i n g f o o d a n d f o d d e r s e c u r i t y t o t h e m . T h e r e l a t i v e i m p o r t a n c e o f
s o r g h u m area t o t h e t o t a l cerea l area i s s h o w n i n Table 1 . T h e area u n d e r
s o r g h u m as a pe rcen tage of t o t a l area u n d e r cereals i s r e l a t i v e l y l o w , ie , a b o u t
1 0 % i n I n d i a a n d 1 % i n C h i n a . B u t i n c o u n t r i e s l i k e Y e m e n a n d S a u d i A r a b i a ,
s o r g h u m area c o n t r i b u t e s s i g n i f i c a n t l y t o t h e e x t e n t o f 5 8 % a n d 2 6 % ,
r e s p e c t i v e l y t o t h e t o t a l cerea l area.
Figure 1. Recent trends in sorghum area in India, China and Asia. 
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Table 1 . Relat ive propor t ion of s o r g h u m area to total cereals area in As ia in t r i enn ium
end ing 2002 .
Country
China
India
Korea (DPR)
Pakistan
Saudi Arabia
Thailand
Yemen
Asia
Source: FAO (2003).
Total cereals area
(million ha)
83.01
97.95
1.24
12.29
0.61
11.25
0.65
314.16
Sorghum area
(million ha)
0.81
0.01
0.37
0.16
0.11
0.37
11.62
Sorghum area to total
cereals area (%)
0.97
0.80
3.00
26.47
0.98
58.03
3.69
Figure 2. Recent trends in sorghum production in India, China and Asia. 
Pearl m i l l e t (Pennisetum glaucum) accoun t s f o r a l m o s t h a l f o f t h e g l o b a l
m i l l e t p r o d u c t i o n a n d i s t h e m o s t i m p o r t a n t m i l l e t species b o t h i n t e r m s o f
c r o p p e d area a n d i t s r o l e i n p r o v i d i n g f o o d s e c u r i t y i n a r i d regions o f A f r i c a
a n d A s i a . I t i s h i g h l y res i s tan t t o d r o u g h t a n d h i g h t e m p e r a t u r e s , adap tab le t o
p o o r soils, l o w v u l n e r a b i l i t y t o diseases a n d insec t pests a n d has g o o d n u t r i t i v e
values , i n c l u d i n g a s u p e r i o r p r o t e i n q u a l i t y a n d h ighes t fa t c o n t e n t ( 6 % )
a m o n g cereals. Pearl m i l l e t g r o w s w e l l w h e r e o t h e r c rops gene ra l l y f a i l
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c o m p l e t e l y . I n A s i a , i t i s m a i n l y g r o w n i n I n d i a , Pakis tan a n d Y e m e n . I n t h e
N e a r East A s i a n c o u n t r i e s t h e area a n d p r o d u c t i o n o f pear l m i l l e t has
increased d u r i n g t h e past decade (Figs. 3 a n d 4 ) . I n d i a c o u l d be p r o b a b l y t h e
single c o u n t r y w h i c h i s w i t n e s s i n g t h e largest decrease i n area u n d e r pea r l
m i l l e t .
I n t h i s pape r w e discuss t h e I n d i a n c o n t e x t only , d u e t o t h e n o n -
a v a i l a b i l i t y o f separate s ta t i s t ics o n pea r l m i l l e t i n o t h e r A s i a n c o u n t r i e s , w h i c h
i s a c t u a l l y p o o l e d u n d e r b r o a d e r g r o u p o f m i l l e t s . Pearl m i l l e t i n I n d i a f o r m s
6 7 % o f Asia ' s t o t a l m i l l e t area c o n t r i b u t i n g 5 7 % o f t o t a l m i l l e t s p r o d u c t i o n .
T h u s , any change i n Ind i a ' s p r o d u c t i o n p e r s p e c t i v e w i l l have a m a j o r i m p a c t
o n A s i a n m i l l e t scenar io .
Figure 4. Changes in millet production in Asia. 
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Figure 3. Changes in millet area in Asia. 
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Figure 5. Changes in area and production of sorghum in India, China and 
Asia. (Note: Data are for TE 1990 for China and India and TE 1994 for 
Asia.)
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Changes in area, production and productivity of sorghum
S o r g h u m i s c u r r e n t l y g r o w n o n 11 .2 m i l l i o n h a i n A s i a . T h e area has d e c l i n e d
i n a l l t h e A s i a n c o u n t r i e s , e x c e p t Saud i A r a b i a . I n I n d i a a lone, a b o u t 4 .83
m i l l i o n h a s o r g h u m area was r e p l a c e d b y o t h e r c rops . A l t h o u g h I n d i a i s t h e
m a j o r s o r g h u m - g r o w i n g c o u n t r y i n A s i a , t h e change i n s o r g h u m area b e t w e e n
t r i e n n i u m e n d i n g ( T E ) 1 9 9 0 a n d T E 2 0 0 2 i s a b o u t - 3 3 % (Table 2 a n d F ig . 5 ) .
S o m e o f t h e p l aus ib l e reasons f o r t h i s are: c u l t i v a t i o n o n m a r g i n a l lands, l o w
i n p u t use, adverse a g r o c l i m a t i c c o n d i t i o n s a n d u n f a v o r a b l e g o v e r n m e n t
p o l i c i e s . I n a l l o t h e r A s i a n c o u n t r i e s , a l t h o u g h t h e pe rcen tage change i n area
u n d e r s o r g h u m is s ign i f i can t , t h e abso lu te area u n d e r s o r g h u m is l o w . As a 
consequence o f r e d u c t i o n i n l a n d area, t h e t o t a l p r o d u c t i o n also d r o p p e d i n
a l m o s t a l l A s i a n c o u n t r i e s e x c e p t Saud i A r a b i a .
S o r g h u m p r o d u c t i o n i n A s i a d e c l i n e d s t eep ly b y 5 . 2 2 % pe r a n n u m
b e t w e e n 1 9 9 4 a n d 2 0 0 2 (F ig . 5 ) . T h o u g h s o r g h u m p r o d u c t i o n d e c l i n e d , I n d i a
ranks f i r s t i n area a n d p r o d u c t i o n , b u t ranks s e v e n t h i n p r o d u c t i v i t y w h i c h i s
v e r y l o w w h e n c o m p a r e d w i t h o t h e r A s i a n c o u n t r i e s (F ig . 6 ) . I n I n d i a , t h e
p r o d u c t i v i t y o f s o r g h u m d i f f e r s b e t w e e n t h e regions w i t h v a r y i n g r a i n f a l l a n d
soi l t y p e a n d also b e t w e e n seasons. For e x a m p l e , t h e r a i n y season s o r g h u m
yie ld s an average o f 2 - 2 . 2 5 t ha - 1 i n areas w i t h favorab le so i l a n d r a i n f a l l , w h i l e
t h e p o s t r a i n y season s o r g h u m g r o w n u n d e r u n f a v o r a b l e c o n d i t i o n s y i e l d s
19
Figure 6. Changes in sorghum productivity in India, China and Asia. 
a r o u n d 5 0 0 k g ha-1; t h u s t h e t o t a l p r o d u c t i o n and p r o d u c t i v i t y are cons ide rab ly
l o w . I t appears t h a t t h e h igher p r o d u c t i v i t y ach ieved t i l l t h e 1990s m i g h t have
p la teaued ; hence th i s s taggered p r o d u c t i v i t y was unab le to t i d e over t h e s teep
dec l i ne i n s o r g h u m area t o o t h e r c o m p e t i n g crops and r e s u l t e d i n negat ive
g r o w t h ra te i n p r o d u c t i o n . T h i s was also t r u e i n o t h e r ma jo r s o r g h u m - g r o w i n g
c o u n t r i e s i n As ia . T h u s , i n I n d i a , t h e l o w average p r o d u c t i v i t y levels are m a i n l y
d u e t o l o w y i e l d levels o f pos t r a iny season s o r g h u m w h o s e p r o p o r t i o n i n t h e
t o t a l area i s on t h e increase. La tes t data revea led t h a t pos t r a iny season s o r g h u m
c o n t r i b u t e s 5 8 % o f t o t a l s o r g h u m area i n t h e coun t ry .
I n C h i n a , t h e d e c l i n e i n p r o d u c t i o n can b e e x p l a i n e d i n t e r m s o f sharp
d e c l i n e b o t h i n area [ c u m u l a t i y e g r o w t h ra t e ( C G R ) - 5 . 6 % ] a n d y i e l d ( C G R
- 7 . 5 % ) , w h i l e i n I n d i a i t i s m a i n l y d u e t o d e c l i n e i n area ( C G R - 3 . 2 % ) r a t h e r
t h a n t h e y i e l d ( C G R - 0 . 0 6 % ) . T h e h ighes t y i e l d levels i n A s i a are r e c o r d e d i n
C h i n a . W i t h c u r r e n t y i e l d levels ove r 3 t ha - 1 i t appears t h a t t h e r e are no
f u r t h e r p r o d u c t i v i t y i m p r o v e m e n t s poss ib le i n s o r g h u m i n C h i n a , t h u s e r o d i n g
i t s c o m p e t i t i v e n e s s . T h a i l a n d a n d S a u d i A r a b i a r e c o r d e d second a n d t h i r d
h i g h e r y i e l d levels i n A s i a . I n T h a i l a n d , t h e g r o w t h ra t e i n y i e l d i s t h e h ighes t
( 2 . 6 % ) ; h o w e v e r , t h i s f a c t o r c o u l d n o t k e e p s o r g h u m c o m p e t i t i v e d u e t o sh i f t
i n area t o o t h e r c rops . Saud i A r a b i a i s t h e o n l y m a j o r s o r g h u m - g r o w i n g
c o u n t r y i n As ia , w h e r e s o r g h u m r e m a i n e d c o m p e t i t i v e w i t h p o s i t i v e area
g r o w t h o f 2 . 7 % pe r a n n u m i n sp i t e o f l o w p r o d u c t i v i t y g r o w t h ra te o f 0 . 6 % pe r
a n n u m . C o n s e q u e n t l y , p r o d u c t i o n g r o w t h ra te r e m a i n e d p o s i t i v e a n d
r e l a t i v e l y h i g h ( 3 . 8 % ) .
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Present vs future 
O v e r a l l i n A s i a s o r g h u m i s p r i m a r i l y u s e d f o r f o o d c o m p r i s i n g 66% o f t o t a l
u t i l i z a t i o n , w h i l e t h e res t i s u t i l i z e d f o r f e e d a n d i n d u s t r i a l uses. I n I n d i a , i t i s
m o s t l y u sed f o r f o o d , w h i l e i n C h i n a i t i s u s e d f o r f o o d , f e e d a n d b r e w i n g . T h e
d e c l i n i n g t r e n d i n u t i l i z a t i o n can b e a t t r i b u t e d t o t w o m a j o r fac tors : ( 1 ) t h e
o v e r a l l r e d u c t i o n i n s o r g h u m p r o d u c t i o n d u r i n g t h e r e fe rence p e r i o d ; a n d
( 2 ) t h e p o p u l a t i o n g r o w t h ra te surpassed t h e g r o w t h i n s o r g h u m p r o d u c t i o n
(As i a c o m p r i s i n g C h i n a a n d I n d i a , t h e m o s t p o p u l o u s c o u n t r i e s ) .
T h e p e r cap i t a u t i l i z a t i o n o f s o r g h u m decreased m a i n l y d u e t o t h e
r e d u c t i o n i n f o o d use, a n d fac to rs such a s chang ing c o n s u m e r tastes a n d
pre fe rences , r a p i d u r b a n i z a t i o n , socia l s tatus a t t a c h e d t o w h e a t a n d r i c e
c o n s u m p t i o n a n d u n f a v o r a b l e g o v e r n m e n t po l i c i e s t o w a r d s s o r g h u m
c u l t i v a t i o n . P rev ious s tud ies have s h o w n t h a t t h e inc reased f e e d usage o f
coarse grains offse ts t h e decrease i n f o o d use o f these c rops ( S w a m i n a t h a n a n d
Sinha 1 9 8 6 ) .
T h e b r e a k u p o f u t i l i z a t i o n o f s o r g h u m f o r v a r i o u s e n d uses i n s o m e
A s i a n c o u n t r i e s s h o w s n o t a b l e t r e n d s (Table 3 ) . A l l t h e c o u n t r i e s i n A s i a
r e g i s t e r e d a n e g a t i v e g r o w t h i n f o o d , f e e d a n d o t h e r uses d u r i n g t h e
r e f e r e n c e p e r i o d . S o r g h u m g r a i n i s p r i m a r i l y u s e d a s f o o d a n d f e e d w h i l e t h e
s t a l k i s u s e d a s forage; t h e s t a l k o f s w e e t s o r g h u m i s u s e d f o r a l c o h o l
p r o d u c t i o n (Tab le 4 ) .
China
I n C h i n a , d e c l i n i n g f o o d use o f s o r g h u m a t a h i g h e r r a t e ( - 6 . 5 % ) t h a n t h e
f e e d use ( - 0 . 2 % ) r e v e a l e d i t s i m p o r t a n c e f o r l i v e s t o c k f e e d . I t i s m a i n l y
c u l t i v a t e d i n L i a o n i n g , S h a n x i , J u l i n , H e i l o n g i a n g , H e b e i a n d S i c h u a n
p r o v i n c e s . T h e r a p i d e c o n o m i c d e v e l o p m e n t w i t n e s s e d i n C h i n a also
c h a n g e d t h e r o l e o f s o r g h u m f r o m f o o d a n d f e e d c r o p t o a h i g h v a l u e
i n d u s t r i a l r a w m a t e r i a l f o r b r e w i n g i n d u s t r y . T h e change o f r o l e m a y b e d u e
t o i m p r o v e m e n t i n t h e a g r i c u l t u r a l p r o d u c t i o n c o n d i t i o n s , s h i f t i n c o n s u m e r
p r e f e r e n c e s f r o m s o r g h u m t o r i c e a n d w h e a t , increase i n h o u s e h o l d i n c o m e
o v e r t h e p e r i o d , r e d u c t i o n i n p r o d u c t i o n a n d i n c r e a s e d i m p o r t a n c e o f o t h e r
uses o f s o r g h u m ( o t h e r t h a n f o o d ) . H o w e v e r , d u r i n g m i d 1 9 9 0 s t h e r e was a 
c o n s i d e r a b l e decrease i n s o r g h u m area f o r f o o d p u r p o s e d u e t o d e c l i n e i n i t s
c o n s u m p t i o n .
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Table 4 . Ut i l izat ion of s o r g h u m gra in a n d sta lk in A s i a .
Country
Rainy season sorghum
India
Myanmar
Pakistan
Thailand
Postrainy season (winter) sorghum
India
Summer sorghum
India (limited)
Iran
Cool temperature sorghum
China
CIS
Rice fallow sorghum
Philippines
Indonesia
Source: Gowda and Stenhouse (1993).
Grain
Food, feed, alcohol
Food
Feed (less emphasis)
Feed (livestock)
Food
Food
Feed (livestock), syrup,
particle board (industrial)
Feed (livestock), alcohol,
minor alternative uses
Feed (livestock)
Feed (livestock)
Feed (livestock)
Stalk
Dry fodder (livestock), forage
(livestock), alcohol (industrial)
Fodder
Dry fodder (livestock), forage
(livestock - dairy)
Dry fodder (livestock)
Dry fodder (livestock)
Dry fodder (livestock)
Forage (livestock - dairy)
Sweet sorghum (alcohol)
India
I n I n d i a , w h i c h i s t h e largest p r o d u c e r o f s o r g h u m , b o t h f o o d a n d f e e d use i s
d e c l i n i n g a t 3 % ( F A O 2 0 0 3 ) . H o w e v e r , s o m e f a r m - l e v e l s tud ies c l ea r ly
i n d i c a t e t h e t r a n s f o r m i n g ro les o f f o o d a n d f o d d e r i n I n d i a , t h e l a t t e r e m e r g i n g
a s b e i n g o f p r i m a r y i m p o r t a n c e . T h e r e c e n t l y c o n d u c t e d e x h a u s t i v e i n d u s t r i a l
surveys i n I n d i a p o i n t e d t h a t s o r g h u m was u t i l i z e d n o t o n l y i n a n i m a l f e e d
i n d u s t r y ( 0 . 5 7 t o 0 . 8 6 m i l l i o n t ) b u t also i n a l c o h o l i n d u s t r y ( 0 . 0 9 t o 0 . 1 0
m i l l i o n t ) a n d p r o j e c t e d t h a t t h e u t i l i z a t i o n o f s o r g h u m f o r a n i m a l f e e d w o u l d
g o u p t o 2 . 1 1 t o 3 .7 m i l l i o n t i n 2 0 1 0 A D . W i t h t h e p r o j e c t i o n o f p o s i t i v e
g r o w t h i n l i v e s t o c k i n d u s t r y , t h e r e w o u l d b e a h u g e d e m a n d f o r s o r g h u m g r a i n
i n f u t u r e . K u m a r ( 1 9 9 8 ) p r o j e c t e d t h a t b y 2 0 2 0 t h e d e m a n d o f f e e d g r a i n w i l l
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g r o w t o 1 4 . 5 - 2 3 . 0 m i l l i o n t c o m p r i s i n g 9 - 1 4 m i l l i o n t o f coarse g r a i n a n d t h e
r e m a i n i n g f r o m o t h e r c r o p sources . I n f u t u r e , s o r g h u m i n l i v e s t o c k f e e d
u t i l i z a t i o n , e spec ia l ly p o u l t r y f e e d i n d u s t r y d e p e n d s u p o n s u c h f ac to r s a s
a v a i l a b i l i t y o f m a i z e ( s o r g h u m ' s p o t e n t i a l c o m p e t i t o r ) , r e l a t i v e p r i c e w i t h
m a i z e a n d p r o v i d i n g k n o w l e d g e a n d r e m o v i n g a p p r e h e n s i o n s a b o u t f e e d usage
o f s o r g h u m a m o n g i t s users. A c c o r d i n g t o t h e above m e n t i o n e d surveys ,
c u r r e n t l y r a i n y season s o r g h u m g r a i n was f o u n d t o have e s t ab l i shed a l t e r n a t i v e
uses in I n d i a , a s a r a w m a t e r i a l i n p o t a b l e a l c o h o l p r o d u c t i o n a n d to a lesser
e x t e n t i n s t a r c h i n d u s t r y , w h i c h m a y increase s o r g h u m u t i l i z a t i o n espec ia l ly
w h e n t h e c r o p i s f ac ing chal lenges d u e t o decrease i n h o u s e h o l d c o n s u m p t i o n
f o r f o o d .
Myanmar
I n M y a n m a r , s o r g h u m i s g r o w n o n l y u n d e r r a i n f e d c o n d i t i o n s a n d occup ie s t h e
s e c o n d largest area o n l y a f t e r r i c e a m o n g cereals . I t i s m a i n l y g r o w n as a f o o d
a n d f o d d e r c r o p i n M a g w a y , M a n d a l a y a n d Sagaing d i v i s i o n s (s tates) i n s e m i -
a r i d t r o p i c s f o l l o w e d b y C h i n a n d K a y a h states i n s u b - t r o p i c s .
Pakistan
I n Pak i s tan s o r g h u m i s c u l t i v a t e d f o r b o t h f o o d g r a i n a n d a s forage c r o p , a n d
9 0 % o f p r o d u c t i o n i s c o n s u m e d o n - f a r m a s f o o d a n d seed. S o r g h u m area i s
e q u a l l y d i v i d e d b e t w e e n r a i n f e d a n d i r r i g a t e d c u l t i v a t i o n a n d a t least o n e
q u a r t e r o f r a i n f e d a n d h a l f o f i r r i g a t e d c r o p i s g r o w n m a i n l y f o r forage use.
S o r g h u m i s c u l t i v a t e d f o r g r e e n f o d d e r d u r i n g w i n t e r a n d t h e f e e d usage o f
s o r g h u m gra in i s i nc reas ing .
Thailand
S o r g h u m i n T h a i l a n d o c c u p i e s t h i r d p o s i t i o n a f te r r i c e a n d m a i z e . B u t t h e
i n c r e a s i n g d e m a n d f o r a n i m a l f e e d ( t h u s t h e d e r i v e d d e m a n d f o r s o r g h u m
gra in ) c o m p e n s a t e s t h e decrease i n e x p o r t d e m a n d , t h u s m a i n t a i n i n g t h e area
o f i t s c u l t i v a t i o n . T h a i l a n d also foresees a c o n s i d e r a b l e d e m a n d f o r s o r g h u m as
t h e r e i s n o s u f f i c i e n t p r o d u c t i o n o f m a i z e t o b e u s e d i n a n i m a l f e e d . I n
T h a i l a n d a l t e r n a t i v e uses o f s o r g h u m s u c h a s o r n a m e n t a l usage o f s o r g h u m
s p i k e s / s p i k e l e t s a n d s u p p l e m e n t i n g t h e f o d d e r f o r m i l c h c o w s w i t h f r e sh
sta lks are p r a c t i c e d e x t e n s i v e l y . A l s o , r e sea rch i s g o i n g o n f o r e x p l o r i n g e t h a n o l
p r o d u c t i o n f r o m s w e e t s o r g h u m .
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Changes in area, production and productivity of pearl millet in
India
I n I n d i a , pea r l m i l l e t a lone accounts f o r 9 .4 m i l l i o n h a o f t o t a l cereals area a n d
6.9 m i l l i o n t o f t o t a l cereals p r o d u c t i o n (Table 5 ) . T h o u g h I n d i a r e c o r d e d t h e
highes t decrease i n area d u r i n g t h e past decade, i t s h o w e d increase i n p r o d u c t i o n
and p r o d u c t i v i t y (F ig . 7 ) . A l t h o u g h pea r l m i l l e t i s g r o w n u n d e r h i g h l y
unfavorab le r a i n f e d c o n d i t i o n s , t h e ever increas ing c o m p e t i t i o n f r o m crops such
as maize , c o t t o n (Gossypium sp) , g r o u n d n u t (Arachis hypogaea) and s u n f l o w e r
( H e l i a n t h u s annuus) i s also a f f ec t ing i ts p r o d u c t i o n . In I n d i a , t h e w e s t e r n states
(Rajasthan, G u j a r a t and M a h a r a s h t r a ) have m o r e share i n pea r l m i l l e t area a n d
p r o d u c t i o n t h a n t h e rest o f t h e c o u n t r y . I n d i a , t h e largest m i l l e t p r o d u c e r i n t h e
w o r l d , accounts f o r abou t 4 0 % o f t h e w o r l d ' s o u t p u t whereas pear l m i l l e t a lone
c o n t r i b u t e s t o t w o - t h i r d o f t h i s t o t a l w o r l d m i l l e t p r o d u c t i o n . I n some par ts o f
I n d i a , especia l ly i n G u j a r a t , pea r l m i l l e t p r o d u c t i o n i n v o l v e s a h i g h degree o f
c o m m e r c i a l i z a t i o n as t h e c r o p res idue i s a v a l u e d f o d d e r f o r m i l c h an imals . A l s o ,
i n areas w h e r e d o u b l e c r o p p i n g i s p r a c t i c e d , i t invo lves h i g h value c r o p
c u l t i v a t i o n . D e s p i t e t h e harsh e n v i r o n m e n t s i n w h i c h i t i s c u l t i v a t e d t h e g r o w t h
i n pea r l m i l l e t p r o d u c t i v i t y i s t h e r e w a r d fo r t h e a d o p t i o n o f i m p r o v e d cu l t iva r s
especial ly i n some favorable e n v i r o n m e n t s . M o s t o f t h e c r o p i m p r o v e m e n t i n
I n d i a was b y d e v e l o p m e n t o f h i g h - y i e l d i n g var ie t ies ( H Y V s ) a n d m a t c h i n g
p r o d u c t i o n - p r o t e c t i o n t echno log ies w h i c h are special ly a d o p t e d t o favorable
e n v i r o n m e n t s .
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Figure 7. Area (A), production (?) and yield (Y) of pearl millet in India. 
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Utilization of pearl millet in Asia: present vs future
O v e r 9 5 % o f p e a r l m i l l e t g r a i n p r o d u c t i o n i n A s i a i s u t i l i z e d f o r f o o d use a n d
t h e res t i s u s e d i n f e e d i n d u s t r y . I t i s p r i m a r i l y g r o w n f o r g ra in , s tover , a n d
s o m e t i m e s as a g reen f o d d e r in I n d i a , Pakis tan a n d Y e m e n . I t i s also u s e d as
g reen forage i n T h a i l a n d a n d t h e R e p u b l i c o f K o r e a ( G o w d a a n d R a m a k r i s h n a
1 9 9 6 ) . P rev ious s tud ies s h o w t h a t t h e f o o d usage o f p e a r l m i l l e t i s d e c l i n i n g
ove r t h e s t u d y p e r i o d i n I n d i a a t a l o w e r r a t e ( - 0 . 7 6 % ) . T h o u g h i t i s
n u t r i t i o n a l l y equa l o r e v e n s u p e r i o r t o o t h e r cereals, i t s c o n s u m p t i o n has
dec reased d u e t o r i s i n g i n c o m e s , c h a n g i n g f o o d p re fe rences a n d s u p p l y o f
w h e a t a n d r i c e a t s u b s i d i z e d p r i ces ( i n I n d i a ) . H o w e v e r , i t s c u l t i v a t i o n w i l l
c o n t i n u e u n d e r subs is tence f a r m i n g , w h e r e o t h e r c rops c a n n o t b e g r o w n . I n
m o r e f avorab le areas o f A s i a , g r a i n i s p r o d u c e d , a n d i t i s o f t e n used i n r a t i ons
f o r d r a f t a n d m i l c h an ima l s , a n d f o r p o u l t r y . S t o v e r i s u s e d d u r i n g t h e d r y
season t o m a i n t a i n r a t i o n s f o r c a t t l e i n areas w h e r e s o r g h u m s tove r i s n o t
r e a d i l y avai lable ( H a s h 1 9 9 6 ) . T h e usage o f p e a r l m i l l e t f o r forage p u r p o s e a n d
a s a cove r c r o p o r m u l c h c r o p f o r i n t e n s i v e l e g u m e p r o d u c t i o n o n t r o p i c a l a r i d
soils i s b e c o m i n g inc reas ing ly i m p o r t a n t .
Causes of changes in area and replacement crops
Sorghum
S o r g h u m c r o p p e d area was r e p l a c e d b y a hos t o f c o m p e t i n g c rops g r o w n
u n d e r t h e same eco logy across A s i a . I n I n d i a , va r ious s tud ies based o n o n - f a r m
surveys r e p o r t e d t h a t c o t t o n , g r o u n d n u t a n d pu l se c rops r e p l a c e d r a i n y season
s o r g h u m t i l l 1980s , w h i l e i n 1990s i t was r e p l a c e d b y c rops s u c h as soybean
( G l y c i n e max) ( M a d h y a Pradesh a n d M a h a r a s h t r a ) , cas tor (Ricinus 
communis) ( A n d h r a Pradesh) , m o t h bean (Vigna aconitifolia) (Rajas than a n d
G u j a r a t ) a n d o t h e r pu l se c rops . Pos t ra iny season s o r g h u m was r e l a t i v e l y s table
d u e t o absence o f any a l t e r n a t i v e c rops t h a t can b e g r o w n u n d e r s i m i l a r
s i t u a t i o n s , ie , r e c e d i n g so i l m o i s t u r e a n d d r o u g h t . H o w e v e r , w h e n e v e r
i r r i g a t i o n was poss ib le , c rops s u c h a s w h e a t , m a i z e a n d s u n f l o w e r w e r e g r o w n
i n s t e a d o f s o r g h u m . I n t e r e s t i n g l y , i n t h e r a i n y season, c rops l i k e c o t t o n w e r e
also i nc r ea s ing ly r e p l a c e d b y a c o m m e r c i a l c r o p l i k e soybean . I n c e n t r a l I n d i a
( M a d h y a Pradesh) , i t appears t h a t s o r g h u m i s again b e c o m i n g p o p u l a r d u e t o
t h e c l i m a t i c c o n d i t i o n s a n d n e e d f o r f o d d e r i n t h e r e g i o n ( D a y a k a r Rao e t a l .
2 0 0 3 ) . I n C h i n a , i t was r e p o r t e d t h a t s o r g h u m area was m a i n l y r e p l a c e d b y
m a i z e a n d i t s c u l t i v a t i o n has m o v e d f r o m f e r t i l e s e m i - h u m i d regions t o
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s e m i - a r i d reg ions w i t h p o o r so i l f e r t i l i t y . T h e c r o p p i n g p a t t e r n h e r e also
c h a n g e d f r o m m o n o c r o p p i n g t o i n t e r c r o p p i n g w i t h p o t a t o [Solarium 
tuberosum) o r w h e a t a n d s e q u e n t i a l p l a n t i n g a f te r w h e a t .
In I n d i a , area changes u n d e r r a i n y season s o r g h u m are m o r e consp icuous
t h a n p o s t r a i n y season s o r g h u m . O n e o f t h e ear l ies t s tudies b y K e l l e y a n d
Par thasara thy Rao ( 1 9 9 3 ) p o i n t e d t h a t s o r g h u m p r o d u c t i v i t y g r o w t h a t na t i ona l
l eve l has lagged b e h i n d o t h e r c o m p e t i n g cereal c rops such as w h e a t , r i ce a n d
m a i z e . S o r g h u m pr ices have also f a i l e d t o k e e p pace w i t h c o m p e t i n g c rops such
as w h e a t , r i ce , pulses a n d oilseeds. Together , these t w o fac tors have w e a k e n e d
t h e c o m p e t i t i v e n e s s o f t h e c r o p over t i m e , t r ans l a t i ng i n t o r e d u c e d area u n d e r
s o r g h u m c u l t i v a t i o n . T h e l o w c o m p e t i t i v e n e s s a t f a r m l eve l a n d t h e fac tors such
a s l a c k o f c o n s u m p t i o n d e m a n d a t h o u s e h o l d l eve l a n d l o w p r o f i t a b i l i t y o f
s o r g h u m vis-a-vis c o m p e t i n g crops w e r e respons ib le f o r t h e loss o f
c o m p e t i t i v e n e s s o f s o r g h u m . T h e G o v e r n m e n t o f Ind ia ' s p o l i c y t o s u p p l y
subs id i zed r i ce a n d w h e a t i n s o r g h u m - g r o w i n g regions l e d t o a sh i f t i n
c o n s u m p t i o n i n favor o f t h e f o r m e r . A n o t h e r s t u d y b y H a l l a n d Yoganand
( 2 0 0 0 ) l i s t e d t h a t b e t t e r i r r i g a t i o n fac i l i t i e s , i m p r o v e d t r a n s p o r t a n d m a r k e t i n g
fac i l i t i e s a n d g o v e r n m e n t po l ic ies f a v o r i n g o i l seed c rops t h r o u g h p r i c e s u p p o r t
also l e d t o s u b s t i t u t i o n o f s o r g h u m b y o t h e r c rops . A r e c e n t s t u d y b y D a y a k a r
Rao e t a l . ( 2 0 0 3 ) c o n f i r m e d ear l ier f i n d i n g s t h a t a d o p t i o n o f H Y V s f a c i l i t a t e d
h i g h p r o d u c t i v i t y levels o f s o r g h u m u n d e r cons t an t o r decreas ing c o n s u m p t i o n
r e g i m e ( d u e t o changes i n tastes a n d pre fe rences ) , w h i c h i n t u r n l e d t o a 
s i t u a t i o n w h e r e s o r g h u m area was spared f o r o t h e r c o m m e r c i a l c rops .
K a u r a n d K a u r ( 2 0 0 2 ) ana lyzed t h e changes i n area, p r o d u c t i o n a n d
p r o d u c t i v i t y o f coarse cereals ( w h i c h i n c l u d e s o r g h u m a n d p e a r l m i l l e t ) i n
I n d i a d u r i n g 1 9 4 9 - 5 0 t o 2 0 0 0 - 0 1 . I t was f o u n d t h a t d u r i n g 1 9 6 6 - 6 7 t o 1 9 9 7 -
9 8 , t h e gross c r o p p e d area u n d e r coarse cereals d r o p p e d f r o m 2 8 t o 1 6 %
o w i n g t o absence o f e f f e c t i v e p r i c e s u p p o r t , p r o c u r e m e n t p r o g r a m s a n d
i n a d e q u a t e t e c h n o l o g i c a l i m p r o v e m e n t s .
T h e s o r g h u m area i n T h a i l a n d i s d e c l i n i n g d u e t o l a c k o f e x p o r t d e m a n d
a n d c o m p e t i t i o n f r o m o t h e r c r o p s such a s s u n f l o w e r a n d m a i z e .
Pearl millet 
T h e area u n d e r p e a r l m i l l e t i s r e l a t i v e l y c o n s t a n t d u e t o i t s a d a p t a b i l i t y t o
ha r sh h a b i t a t . H o w e v e r , i n b e t t e r e c o l o g i c a l r e g i m e s a n d w i t h p r o t e c t i v e
i r r i g a t i o n c o t t o n , s u n f l o w e r , m a i z e , g r o u n d n u t , r apeseed ( B r a s s i c a napus ) a n d
m u s t a r d ( B r a s s i c a sp) , pulses a n d s o r g h u m have r e p l a c e d p e a r l m i l l e t i n I n d i a .
T h e e x t e n t o f r e p l a c e m e n t b y these c r o p s var ies across states i n I n d i a .
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T h e changes i n t h e c r o p p e d area o f pea r l m i l l e t are i n b o t h d i r e c t i o n s . I t
i s u sua l l y r e p l a c e d b y o t h e r c rops w h e r e p e r m a n e n t l a n d i m p r o v e m e n t s are
m a d e , e i t h e r i n t e r m s o f so i l h e a l t h o r i r r i g a t i o n f ac i l i t i e s . T h u s t h e c u l t i v a t i o n
o f p e a r l m i l l e t i s r e l e g a t e d t o m a r g i n a l lands . W h e n p e a r l m i l l e t c u l t i v a t i o n i s
c o n t i n u e d i n a r e g i o n , i t s area has a c t u a l l y inc reased m a i n l y d u e t o t h r e e
fac to r s : ( 1 ) a v a i l a b i l i t y o f o n l y f e w o t h e r c r o p ( p a r t i c u l a r l y cerea l )
a l t e rna t ives ; ( 2 ) s t r o n g p r e f e r e n c e f o r m i l l e t a s t h e m a j o r s taple i n t h e r e g i o n ;
a n d ( 3 ) p r e f e r e n c e f o r m i l l e t s t r a w as a h i g h l y v a l u e d l i v e s t o c k f e e d .
T h e resu l t s o f r e c e n t f a r m surveys ( D a y a k a r Rao e t a l . 2 0 0 3 ) r e v e a l e d
t h a t t h e l a c k o f c r o p a l t e rna t i ve s a n d c o n t i n u e d p r e f e r e n c e a s s taple d i e t a n d
f o d d e r f o r l i v e s t o c k have a t t r a c t e d f a r m e r s t o c o n t i n u e p e a r l m i l l e t
c u l t i v a t i o n , e spec ia l ly i n states l i k e Rajas than. H o w e v e r , i n M a h a r a s h t r a a n d
f e w o t h e r states p e a r l m i l l e t l o s t i t s c o m p e t i t i v e n e s s , because o f inc reas ing
a v a i l a b i l i t y o f c r o p a l t e rna t i ve s w i t h r e m u n e r a t i v e o u t p u t p r i ces . A s i n
s o r g h u m , t h e a d o p t i o n o f H Y V s has also r e s u l t e d i n r e d u c t i o n o f p e a r l m i l l e t
area w i t h o u t any s ign i f i c an t r e d u c t i o n i n t o t a l p r o d u c t i o n , t h u s spar ing l a n d
f o r o t h e r c o m m e r c i a l c r o p a l t e rna t i ve s . Besides, t h e r e i s a s i gn i f i c an t d e c l i n e i n
h o u s e h o l d d e m a n d f o r f o o d .
Pearl m i l l e t i s o f t e n g r o w n u n d e r h i g h l y u n f a v o r a b l e c o n d i t i o n s a n d
h e n c e has l o w p r o d u c t i v i t y . G o v e r n m e n t p o l i c i e s o n i n p u t subsidies a n d
o u t p u t p r i ce s are l o p s i d e d t o w a r d s w h e a t a n d r i c e . T h e m a r k e t i n t e r v e n t i o n s
also d o n o t a d e q u a t e l y s u p p o r t t h i s c r o p . T h e b u l k p r o c u r e m e n t o f p e a r l
m i l l e t f o r s u p p l y t h r o u g h P u b l i c D i s t r i b u t i o n S y s t e m ( P D S ) m a y b e necessary
t o increase i t s d e m a n d i n I n d i a .
Food and nutritional security
As discussed earlier, s o r g h u m and pear l m i l l e t are m a i n l y p r o d u c e d and c o n s u m e d
as m a i n staple f o o d by t h e r u r a l p o o r i n deve lop ing coun t r i e s o f As ia and A f r i c a ,
p r o v i d i n g 8 0 % o f t h e i r energy r e q u i r e m e n t and n u t r i e n t s excep t v i t a m i n A and
v i t a m i n C . A s tudy b y t h e N a t i o n a l I n s t i t u t e o f N u t r i t i o n ( N I N ) , H y d e r a b a d ,
I n d i a in 1 9 9 6 has s h o w n t h a t a ba lanced d i e t c o n t a i n i n g a t least 4 6 0 g of cereals
besides pulses, vegetables, m i l k , etc s h o u l d be c o n s u m e d to a t ta in a m i n i m u m
da i ly per capi ta energy r e q u i r e m e n t o f 2 7 3 8 k cal . A c c o r d i n g l y t h e per capi ta
r e q u i r e m e n t o f cereals s h o u l d b e a r o u n d 165 .6 k g y r 1 .
T h e average p e r c a p i t a e n e r g y r e q u i r e m e n t o f a r o u n d 2 7 3 8 k ca l d a y - 1
i s m a i n l y s u p p l i e d b y c e r e a l c o n s u m p t i o n . I n I n d i a t h e r e q u i r e d e n e r g y
s u p p l y m a i n l y c o m e s f r o m r i c e a n d w h e a t , e x c e p t f o r t h e m a j o r s o r g h u m -
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g r o w i n g s tates l i k e M a h a r a s h t r a a n d K a r n a t a k a w h e r e n e a r l y 1 9 % o f d a i l y
ene rgy r e q u i r e m e n t i s s u p p l i e d t h r o u g h s o r g h u m a n d t h e r e s t f r o m o t h e r
cereals . S o r g h u m a n d m i l l e t s also s u p p l y t h e n e e d e d n u t r i e n t s t o t h e p o o r
p e o p l e w h o c a n n o t a f f o r d o t h e r e x p e n s i v e sources o f t he se essen t ia l
n u t r i e n t s , a n d t h u s can b e a n e f f e c t i v e s h i e l d agains t f o o d a n d n u t r i t i o n a l
i n s e c u r i t y .
S o r g h u m a n d m i l l e t s are n u t r i t i o n a l l y s u p e r i o r t o o t h e r cereals, b u t t h e i r
d o w n w a r d d e m a n d i n cerea l baske t m a y b e caused b y f ac to r s l i k e r i s i n g
i n c o m e s , socia l s ta tus a t t a c h e d t o f i n e grains , s u b s i d i z e d s u p p l y o f f i n e grains,
l o w p r o d u c t i v i t y o f coarse cereals , s h o r t s h e l f l i f e o f f l o u r a n d m o r e e f f o r t
n e e d e d i n m a k i n g c h a p a t i ( u n l e a v e n e d b r e a d ) . E f f o r t s are t o b e m a d e b y t h e
g o v e r n m e n t ( e spec ia l ly i n I n d i a ) t o i n c l u d e s o r g h u m i n P D S .
Sorghum and pearl millet for improved livelihood
S o r g h u m i s also c u l t i v a t e d f o r f eed i n m a n y c o u n t r i e s i n A s i a . I n I n d i a , i t i s
p e r c e i v e d a s a c r o p m e a n t f o r h u m a n c o n s u m p t i o n l a rge ly b y t h e r u r a l p o o r
a n d t o a lesser e x t e n t b y t h e u r b a n p o o r a n d t h e r u r a l r i c h . I n I n d i a , s o r g h u m i s
c o n s i d e r e d a n i m p o r t a n t s tap le f o o d a f te r r i c e a n d w h e a t , d e s p i t e a c o n t i n u o u s
d e c l i n e i n i t s c o n s u m p t i o n . T h e r e l evance o f s o r g h u m t o t h e l i v e l i h o o d o f t h e
p o o r i s e s t ab l i shed i n t h e c o n t e x t o f f o o d , f o d d e r , i n c o m e g e n e r a t i o n a n d
source o f e m p l o y m e n t . D a y a k a r Rao ( 2 0 0 0 ) c o n c l u d e d t h a t m a j o r i t y o f t h e
s a m p l e h o u s e h o l d s p u r s u e d m i x e d l i v e l i h o o d s t ra tegies (across w e a l t h
g r o u p s ) . I n p o s t r a i n y season s o r g h u m - g r o w i n g d i s t r i c t s , s o r g h u m c o n s t i t u t e d
5 5 % o f t o t a l ce rea l c o n s u m p t i o n w h i l e i t was 5 8 % i n r a i n y season s o r g h u m -
g r o w i n g d i s t r i c t s . F o o d hab i t s o f t h e r i c h f a m i l i e s i s l a rge ly d e t e r m i n e d b y tas te
a n d p r e f e r ences a n d c rops t h e y g row, w h i l e i n case o f t h e p o o r i t i s d e t e r m i n e d
b y p r i c e , k i n d o f p a y m e n t ( f o r l a b o r ) a n d c rops t h e y g r o w . I n r a i n y season
s o r g h u m areas, q u a l i t y o f r a i n y season s o r g h u m a n d s u b s i d i z e d s u p p l y o f
w h e a t a n d r i c e m o t i v a t e p e o p l e t o c o n s u m e t h e p r e f e r r e d cereals . W h e n b o t h
r i c h a n d p o o r h o u s e h o l d c o n s u m p t i o n p a t t e r n s are e x a m i n e d t o g e t h e r ,
s o r g h u m c o n t r i b u t e s ove r h a l f o f t h e t o t a l ce rea l c o n s u m p t i o n . A s t u d y b y
A z a m - A l i a n d S t a r t ( 1 9 9 9 ) r e v e a l e d t h a t s o r g h u m c o n t i n u e s t o b e a n
i m p o r t a n t s tap le f o r t h e u r b a n p o o r w h e r e t h e r e i s a s u f f i c i e n t s u p p l y t o m e e t
t h e d e m a n d a n d also p r i c e i s t h e m a j o r d e t e r m i n a n t .
T h e N a t i o n a l S a m p l e S u r v e y O r g a n i s a t i o n ( N S S O ) da ta o n pe r c a p i t a
c o n s u m p t i o n o f s o r g h u m f o r m a j o r r a i n y season s o r g h u m - g r o w i n g d i s t r i c t s i n
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se l ec t ed I n d i a n states s h o w e d t h a t o u t o f 2 4 d i s t r i c t s t h e c o n s u m p t i o n
r e m a i n e d s table i n 1 3 d i s t r i c t s w h i l e a m a j o r d e c l i n e (g rea te r t h a n 2 0 % ) was
w i t n e s s e d i n d i s t r i c t s w h e r e i n t r o d u c t i o n o f i r r i g a t i o n r e n d e r e d changes i n
c r o p p i n g p a t t e r n s .
S o r g h u m a n d p e a r l m i l l e t are also t h e p r e f e r r e d cereal c r o p res idues f o r
m i l c h a n d d r a f t an ima l s i n I n d i a a n d t h e i r i m p o r t a n c e has i nc reased m a n i f o l d
d u e t o increase i n d e m a n d f o r m i l k p r o d u c t s a n d r ea l i z ed f o d d e r scarc i t ies
d u r i n g d r o u g h t p e r i o d s . S o r g h u m a s f o d d e r i s q u a n t i f i e d a r o u n d 2 0 - 5 0 % o f
t o t a l va lue o f s o r g h u m c r o p . D a y a k a r Rao ( 2 0 0 0 ) r evea l ed t h a t 9 6 % o f t o t a l
s tover f e d t o l i v e s t o c k i n p o s t r a i n y season s o r g h u m areas a n d 8 8 % i n r a i n y
season s o r g h u m areas i s s o r g h u m . N e a r l y 3 8 % househo lds in p o s t r a i n y season
s o r g h u m area a l l o c a t e d t h e i r l a n d based o n f o d d e r d e m a n d , w h i l e o n l y 2 8 %
h o u s e h o l d s a l l o c a t e d l a n d i n r a i n y season s o r g h u m area. T h u s , one o f t h e k e y
d e t e r m i n a n t s f o r s o r g h u m area i s t h e h o u s e h o l d d e m a n d f o r f o d d e r .
Source of employment
S o r g h u m i s ga in ing i m p o r t a n c e as a source o f e m p l o y m e n t in p o s t r a i n y season
s o r g h u m areas w h e r e c r o p a l t e rna t ives are absent o r l i m i t e d , b u t i s less
i m p o r t a n t i n r a i n y season s o r g h u m areas ( D a y a k a r Rao 2 0 0 0 ) . I n s o r g h u m -
based c r o p p i n g p a t t e r n , m o s t l y f a m i l y l a b o r i s engaged i n va r ious o p e r a t i o n s .
Source of income
T h e c o n t r i b u t i o n o f s o r g h u m t o t h e gross i n c o m e was ve ry l o w , ie , a b o u t 2 %
( D a y a k a r Rao 2 0 0 0 ) . I t i s m a i n l y d u e t o r e l a t i v e l y l o w p r i c e f o r s o r g h u m a n d
lesser share o f s o r g h u m i n t o t a l c r o p p i n g p a t t e r n . For t h e p o o r f a r m e r s ,
s o r g h u m of fe rs b u f f e r cash a t t i m e s o f dis t ress o r u r g e n t cash needs. T h e g ra in
set apar t f o r f o o d i s gene ra l ly s o l d t o m e e t s u c h s i t ua t i ons . H o w e v e r , w h e n
g r a i n i s i n s h o r t supp ly , i t i s u s u a l l y b o u g h t f r o m o p e n m a r k e t .
I n I n d i a , t r a d i t i o n a l l y s o r g h u m g r a i n i s o f f e r e d a s p a y m e n t f o r wages t o
a g r i c u l t u r a l l abore rs . H o w e v e r , i n g o o d r a i n f a l l years r e s u l t i n g i n b u m p e r c r o p ,
l abore r s o p t e d f o r a m i x o f cash a n d g ra in , b u t p r e f e r e n c e i s m o r e t o w a r d s
cash. I n b a d years o f c r o p p r o d u c t i o n , l abore r s o p t e d m o r e grains t h a n cash
because o f h i g h p r i ce s o f g r a i n a s t h e y can se l l i t t o b u y cheaper foods . A s n e w
t e c h n o l o g i e s a n d m a r k e t access o f f e r e d d ive r se l i v e l i h o o d o p p o r t u n i t i e s t o
f a r m e r s , s o r g h u m b e c a m e less a t t r a c t i v e because o f i t s l o w p r i c e a n d l o w
p r o f i t a b i l i t y c o m p a r e d t o o t h e r cash c rops .
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Dual-purpose roles of sorghum and pearl millet
I n t h e s e m i - a r i d t r o p i c s o f A s i a , s o r g h u m a n d p e a r l m i l l e t are w i d e l y seen a s
d u a l - p u r p o s e c rops (g ra in a n d f o d d e r ) w h e r e t h e c r o p - l i v e s t o c k ( m i x e d )
f a r m i n g s y s t e m i s w i d e l y p r a c t i c e d . N e a r l y 7 0 % o f r a i n y season s o r g h u m
g r o w n was f o r d u a l p u r p o s e w i t h less i m p o r t a n c e a t t a c h e d t o g r a i n y i e l d
( N R C S 1 9 9 8 ) .
In r a i n y season s o r g h u m areas, g r a i n i s c o n s i d e r e d as a b o n u s a n d
s o r g h u m s t a lk a s m a i n p r o d u c t b y r i c h f a r m e r s ( D a y a k a r Rao 2 0 0 0 ) . T h e
i m p o r t a n c e o f s o r g h u m i s m o r e p r o n o u n c e d i n areas w h e r e l i v e s t o c k
e n t e r p r i s e i s one o f t h e i m p o r t a n t l i v e l i h o o d s t ra tegies o f p e o p l e . I n t h e states
o f Rajas than, Pun jab , H a r y a n a , G u j a r a t , U t t a r Pradesh , A n d h r a Pradesh a n d
M a d h y a Pradesh w h e r e c a t t l e p o p u l a t i o n i s m o r e , s o r g h u m c u l t i v a t i o n i s k e y
f o r s u p p l y i n g f o d d e r , w h i l e i n states l i k e M a h a r a s h t r a a n d K a r n a t a k a s o r g h u m
i s g r o w n ove r a large area w i t h equa l i m p o r t a n c e f o r b o t h g r a i n a n d f o d d e r . I n
M a h a r a s h t r a a n d K a r n a t a k a , t h e large area u n d e r s o r g h u m c o m p e n s a t e s f o r
f o d d e r d e m a n d a n d t h u s d u a l - p u r p o s e p l a n t t y p e m a x i m i z e s g ra in y i e l d . I n
o t h e r states w i t h less area u n d e r s o r g h u m , t a l l f o d d e r t y p e s are c u l t i v a t e d t o
m e e t t h e f o d d e r d e m a n d . D a y a k a r Rao e t a l . ( 2 0 0 0 ) also p o i n t e d t h a t 4 0 % o f
s a m p l e f a r m e r s i n s e l e c t e d p o s t r a i n y season s o r g h u m d i s t r i c t s o f K a r n a t a k a
a n d M a h a r a s h t r a a n d 3 3 % i n r a i n y season s o r g h u m d i s t r i c t s o f M a h a r a s h t r a
c u l t i v a t e d s o r g h u m m a i n l y f o r g r e e n f o d d e r . A l s o , 3 1 % o f r e s p o n d e n t s i n
p o s t r a i n y season d i s t r i c t s a n d 4 8 % i n r a i n y season d i s t r i c t s g r o w s o r g h u m w i t h
e q u a l i m p o r t a n c e t o g r a i n a n d f o d d e r usage.
D u a l - p u r p o s e s o r g h u m in M y a n m a r i s u s u a l l y t a k e n up a s a s e c o n d c r o p
a f t e r ea r ly s o r g h u m o r l e g u m e s i n t h e m i d - m o n s o o n season. For g r e e n f o d d e r ,
s o r g h u m i s s o w n a t t h e onse t o f m o n s o o n , as a sole c r o p . D u a l - p u r p o s e
s o r g h u m i s e i t h e r sole c r o p p e d o r i n t e r c r o p p e d w i t h p i g e o n p e a (Cajanus 
cajan), m u n g bean (Vigna radiata), g r o u n d n u t or s u n f l o w e r .
Private sector investment in sorghum and pearl
millet research
Since 1 9 8 5 , p u b l i c s ec to r i n v e s t m e n t i n a g r i c u l t u r a l research i n I n d i a i s
g r o w i n g a t a s l o w e r r a t e c o m p a r e d t o p r i v a t e sec to r i n v e s t m e n t s i n p l a n t
b r e e d i n g research w h i c h has r e c e n t l y d o u b l e d b e t w e e n t h e p e r i o d 1 9 9 5 a n d
2 0 0 2 . D u r i n g 1 9 8 7 - 9 5 t h e p r i v a t e sec to r i n v e s t m e n t s i n R & D inc reased f r o m
R s 5 5 m i l l i o n ( U S $ 1 . 2 m i l l i o n ) t o R s 2 0 0 m i l l i o n ( U S $ 5 . 8 m i l l i o n ) t h r o u g h
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i nc reased n u m b e r o f p r i v a t e f i r m s f r o m 1 7 t o 3 8 . A m e d i u m - s i z e d p r i v a t e
seed c o m p a n y o p e r a t i n g i n f i v e states w i t h a n annua l sales t u r n o v e r o f R s 1 5 0 -
2 0 0 m i l l i o n , spends 7 - 1 0 % o f i t o n R & D , w h i l e large seed c o m p a n i e s l i m i t
t h e i r R & D e x p e n d i t u r e t o 3 - 5 % o f t h e i r annua l sales t u r n o v e r . P r iva t e
research i s g r o w i n g m o r e r a p i d l y t h a n p u b l i c research , b u t t h e t o t a l R & D
e x p e n d i t u r e s i n t h e p r i v a t e sec to r s t i l l a m o u n t e d t o o n l y 1 6 % o f t h e t o t a l
f u n d i n g o f I n d i a n a g r i c u l t u r a l research i n 1 9 9 8 .
T h e r e are v e r y f e w c o r p o r a t e p l aye r s i n t h e a n i m a l f e e d i n d u s t r y . T h e
b u l k o f a n i m a l f e e d i s p r o d u c e d b y t h e s m a l l scale o r c o o p e r a t i v e s ec to r
u n i t s . Bes ides , m a n y f a r m e r s p r e p a r e t h e i r o w n a n i m a l f e e d m i x e s . T h e
share o f t h e c o r p o r a t e s ec to r i n t h e a n i m a l f e e d i n d u s t r y i s n e a r l y 3 3 % a n d i s
r i s i n g . T h e r e sea rch a r m s o f a n i m a l f e e d f i r m s e s sen t i a l ly t e s t n e w
i n g r e d i e n t s , r e d u c i n g a n t i - n u t r i t i o n a l f a c t o r s a n d t e s t n e w a d d i t i v e s
p r o v i d e d b y o t h e r f i r m s .
T h e w i d e s p r e a d use o f h y b r i d s i n A s i a i s a t t r a c t i n g p r i v a t e i n v e s t m e n t s
i n b r e e d i n g a n d seed p r o d u c t i o n . A c c o r d i n g t o t h e seed i n d u s t r y sources, a t
p r e s e n t p r i v a t e sec to r i n v e s t m e n t s i n I n d i a i n p r o d u c t d e v e l o p m e n t a n d
m a r k e t i n g o f s o r g h u m a n d p e a r l m i l l e t are R s 2 8 0 m i l l i o n a n d R s 2 1 9 m i l l i o n ,
r e spec t ive ly . T h i s m a y b e d u e t o s t r o n g R & D o f p u b l i c sec to r sp read across t h e
c o u n t r y . T h e I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s
( I C R I S A T ) , Pa t anche ru , I n d i a i s engaged i n d e v e l o p i n g h y b r i d p a r e n t a l l ines
a n d p r i v a t e f i r m s m a k e use o f t h e m f o r d e v e l o p m e n t o f h y b r i d s . T h u s , i t
appears t h a t p r i v a t e sec to r i n t h e past was n o t c o n s t r a i n e d t o i nves t m u c h o n
R & D i n these t w o c rops .
T h e m a r k e t share o f p r i v a t e sector s o r g h u m h y b r i d s i s also s teadi ly
increas ing d u e t o l ack o f s u p p o r t o f seed p r o d u c t i o n t o p u b l i c sector n o t i f i e d
h y b r i d s . I n A n d h r a Pradesh ( s o r g h u m ) a n d Karna t aka (pea r l m i l l e t a n d
s o r g h u m ) p r i v a t e sec tor h y b r i d s have s ign i f i can t ly c o n t r i b u t e d t o t h e y i e l d o f
these c rops . I n case o f s o r g h u m , i n Ka rna t aka b o t h p r i v a t e and p u b l i c sector
H Y V s have s h o w n p o s i t i v e s ign i f ican t e f fec t o n y i e l d w h i l e i n case o f pea r l
m i l l e t , p r i v a t e sector H Y V s o f K a r n a t a k a a n d p u b l i c sector H Y V s o f
M a h a r a s h t r a have e x e r t e d a p o s i t i v e a n d s ign i f ican t i n f l u e n c e on y i e l d (Table 6 ) .
I n s o r g h u m , seed q u a n t i t i e s p r o d u c e d b y p r i v a t e c o m p a n i e s d i d n o t
increase s u b s t a n t i a l l y a n d o n l y i nc reased f r o m 6 0 0 0 t i n 1 9 9 0 - 9 1 t o 6 0 5 0 t i n
1 9 9 8 - 9 9 , b u t i n t e r m s o f p r i v a t e h y b r i d s a s pe rcen tage o f t o t a l h y b r i d s , t h e
increase was f r o m 2 0 % t o 5 0 % . I n p e a r l m i l l e t d u e t o r e d u c t i o n i n seed s u p p l y
o f p u b l i c sec to r h y b r i d s , t h e m a r k e t share o f p r i v a t e c o m p a n i e s inc reased
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Table 6. Effect of private and public sector sorghum and pearl millet high-yielding
varieties (HYVs) on yield in India during 19981 .
Crop/state
Sorghum
Andhra Pradesh
Karnataka
Maharashtra
Pearl millet
Andhra Pradesh
Karnataka
Maharashtra
Private HYVs
0.0027* (1.92)
0.0083** (2.34)
0.008(1.54)
0.007 (0.27)
0.01* (1.91)
-0.002(0.11)
Public HYVs
-0.09(1.54)
0.44** (2.99)
0.23* (1.88)
-0.84(1.1)
0.02 (0.32)
0.39** (3.2)
Estimation technique
Random effect
Random effect
Fixed effect
Fixed effect
Fixed effect
Random effect
1. * = Estimates significant at 10% level; ** = Estimates significant at 5% level; figures in parentheses are respective t-values.
Source: Ramaswami et al. (1999).
f r o m 5 0 % t o 6 3 % d u r i n g t h e same p e r i o d . S u c h a s i t u a t i o n c o u l d n o t b e
e n c o u n t e r e d i n pea r l m i l l e t w h e r e t o t a l seed s u p p l y r e m a i n e d same f o r t h e
p e r i o d s 1 9 9 0 - 9 1 a n d 1 9 9 8 - 9 9 w i t h n o t i c e a b l e increase i n p r i v a t e sec to r seed
s u p p l y u p t o 6 3 % . P r iva t e seed c o m p a n i e s a p p e a r e d m o r e e f f i c i e n t i n
m a i n t a i n i n g seed q u a l i t y o f t h e i r p r o p r i e t a r y h y b r i d s a n d s u p p l y i n g i n t i m e t o
t h e f a r m e r i n a c o s t - e f f e c t i v e m a n n e r .
Relative economics of irrigated and dry sorghum and
pearl millet
Besides C h i n a , I n d i a i s t h e m a j o r s o r g h u m a n d p e a r l m i l l e t g r o w i n g c o u n t r y i n
A s i a . H e n c e , e c o n o m i c s o f these c rops have b e e n d e a l t w i t h o n l y i n t h e I n d i a n
c o n t e x t . A l m o s t e n t i r e r a i n y season s o r g h u m i n I n d i a i s r a i n f e d , w h i l e
s c a t t e r e d areas are i r r i g a t e d i n p o s t r a i n y season. I t i s c e r t a i n t h a t m o s t o f t h e
i r r i g a t e d area a c c o u n t e d be longs t o s u m m e r s o r g h u m espec ia l ly i n c e r t a i n
b e l t s o f M a h a r a s h t r a , K a r n a t a k a a n d T a m i l N a d u . W i t h area u n d e r r a i n y season
s o r g h u m b e i n g e r o d e d , i r r i g a t e d s u m m e r s o r g h u m was envisaged t o m i t i g a t e
peak f o d d e r shor tages d u r i n g s u m m e r i n these reg ions . S u m m e r s o r g h u m i s
m a i n l y a n ea r ly h y b r i d p r o d u c i n g c l ean g r a i n f o r c o n s u m p t i o n a s f o o d a n d
f o d d e r p r i m a r i l y f o r f a r m e r s ' o w n l i v e s t o c k ; a b o u t 1 0 - 2 0 % s u r p l u s f o d d e r i s
s o l d i n t h e m a r k e t .
T h e economics o f s o r g h u m p r o d u c t i o n i n I n d i a was s t u d i e d u n d e r t h r e e
si tuat ions: (1 ) r a iny season s o r g h u m ; (2) pos t ra iny season so rghum; a n d
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Table 7 . E c o n o m i c s of s o r g h u m a n d pear l mi l let p roduct ion in Maharasht ra , India .
Particulars
Crop yield (t ha-1)
Main crop
Byproduct
Total cost (Rs ha1)
Cost of production (Rs t-1)
Price received (Rs t-1)
Grain
Fodder
Net returns (Rs ha1)
Output-input ratio
Sorghum
Rainy
(2000/01)
1.93
3.76
9720
3669
4347
695
1313
1.1
Postrainy
(2000/01)
1.06
3.30
8259
6951
6700
704
1200
1.1
Pearl millet
Summer
(2002/03)
2.61
5.50
12198
4659
5000
1000
6392
1.5
(Rainy)
(2000/01)
1.18
2.47
7168
6036
6003
711
1720
1.2
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(3 ) i r r i ga t ed s u m m e r s o r g h u m . T h e economics o f pear l m i l l e t p r o d u c t i o n was
e x a m i n e d o n l y u n d e r d r y l a n d cond i t i ons d u e t o lack o f available r e l a t ed l i t e r a tu re .
I n M a h a r a s h t r a s o r g h u m y i e l d s u n d e r i r r i g a t e d s i t u a t i o n s w e r e a b o u t f i v e
t i m e s a s t h a t o f d r y l a n d y i e l d s ( r a i n y a n d p o s t r a i n y s i t u a t i o n s ) . T h e i r r i g a t e d
s u m m e r s o r g h u m y i e l d e d s u b s t a n t i a l l y h i g h n e t r e t u r n s m a i n l y d u e t o h i g h
g r a i n a n d f o d d e r y i e l d s w h i c h u s u a l l y f e t c h h i g h e r p r i c e s . I n p o s t r a i n y season
s o r g h u m , t h o u g h t h e g r a i n f e t c h e s h i g h p r i c e s t h e y i e l d s are g e n e r a l l y v e r y
l o w . P o s t r a i n y season s o r g h u m i s t y p i f i e d b y t h e absence o f h i g h - y i e l d i n g
c u l t i v a r s u n d e r m o i s t u r e stress. T h e y i e l d o f r a i n f e d p o s t r a i n y season
s o r g h u m i s h a l f t h a t o f i r r i g a t e d s u m m e r s o r g h u m . T h o u g h t h e r a i n y season
s o r g h u m y i e l d s r e l a t i v e l y h i g h e r o u t p u t t h a n p o s t r a i n y season s o r g h u m , i t s
p e r u n i t g r a i n p r i c e i s q u i t e l o w t o m a k e i t c o m p e t i t i v e o v e r i t s r e p l a c e m e n t
c r o p s .
I n case o f e c o n o m i c s o f p e a r l m i l l e t i n A h m e d n a g a r , M a h a r a s h t r a , t h e
n e t r e t u r n s are p o s i t i v e (Rs 1 7 2 0 ha - 1 ) , w i t h o u t p u t - i n p u t r a t i o o f 1.2:1
(Tab le 7 ) , because o f i t s c u l t i v a t i o n i n l ands w i t h b e t t e r so i l a n d w a t e r
e n v i r o n m e n t s . I n t h e s ta tes l i k e Rajas than u s u a l l y n e t r e t u r n s are n e g a t i v e
w h e n f i x e d costs are a c c o u n t e d . I n t h e l a t t e r , o u t p u t i s q u i t e l o w a n d p r i ce s
are also n o t s o r e m u n e r a t i v e . H o w e v e r , i t s c u l t i v a t i o n i s n o t d i s c o n t i n u e d
because o f l a c k o f o t h e r c r o p a l t e r n a t i v e s . I n M a h a r a s h t r a , d u e t o a d o p t i o n
o f H Y V s t h e y i e l d s are b e t t e r . H o w e v e r , i t s area i s d e c l i n i n g w i t h d e c l i n e i n
c o n s u m p t i o n l eve l s .
Future thrust: commercialization and potential new
niches
A s a consequence o f c o m m e r c i a l i z a t i o n o f a g r i c u l t u r e , n o t o n l y i n d e v e l o p e d
w o r l d b u t also i n t h e d e v e l o p i n g w o r l d , t h e t r a d i t i o n a l subs is tence c rops l i k e
s o r g h u m a n d p e a r l m i l l e t have also e n t e r e d i n t o c o m m e r c i a l c u l t i v a t i o n . I n
A s i a , these c rops are t r a n s f o r m i n g f r o m subs is tence l eve l t o semi - subs i s t ence
a n d h e a d i n g f o r c o m m e r c i a l l e v e l o f c u l t i v a t i o n .
I n I n d i a , va r ious f a r m - l e v e l s tud ies c o n f i r m e d t h a t t h e m a r k e t e d su rp lu s
o f s o r g h u m c o u l d b e u p t o 3 0 % o f t o t a l p r o d u c t i o n o f f a r m s , w h i c h i s m a i n l y
m a r k e t e d t h r o u g h v i l l a g e - l e v e l n o n - r e g u l a t e d m a r k e t s ( M a r s l a n d a n d
Par thasa ra thy Rao 1 9 9 9 ) . C o m m e r c i a l i z a t i o n can b e p r o m o t e d t h r o u g h
m a x i m i z a t i o n o f g r a i n / s t a l k y i e l d s , w h e r e t h e emphas i s s h o u l d b e o n
p r o d u c t i v i t y e n h a n c e m e n t . T h e c u r r e n t l o w p r o d u c t i v i t y levels r e n d e r
s o r g h u m n o n - c o m p e t i t i v e w i t h o t h e r c rops b o t h a t f a r m l eve l a n d a t u t i l i z a t i o n
l e v e l w i t h p r e s e n t l y u s e d r a w m a t e r i a l i n i t s a l t e r n a t i v e uses. C o n t r a c t f a r m i n g
a n d p r o m o t i o n o f i n d u s t r i a l uses w i l l enhance t h e d e m a n d . A c c o r d i n g t o
K u m a r ( 1 9 9 8 ) , t h e average y i e l d o f coarse cereals i n I n d i a s h o u l d b e i m p r o v e d
b y 1 6 % b y 2 0 1 0 a n d 3 6 % b y 2 0 2 0 i n o r d e r t o m e e t t h e d o m e s t i c d e m a n d . For
c o m m e r c i a l i z a t i o n o f these c rops , p o t e n t i a l n iches n e e d t o b e i d e n t i f i e d w h e r e
these can b e c o m m e r c i a l l y e x p l o i t e d f o r i n c o m e g e n e r a t i o n .
Forage sorghum
I n areas w i t h n e e d fo r dua l -purpose variet ies t h e ma jo r researchable conce rn
s h o u l d focus to i n t r o d u c e such dua l -purpose s o r g h u m w h i c h can also be g r o w n fo r
q u a l i t y green forage p r o d u c t i o n e lsewhere i n o t h e r states o f I n d i a t o sustain t h e i r
da i ry i n d u s t r y a n d o t h e r l ives tock . Swee t stalk s o r g h u m w i t h h i g h p h o t o s y n t h e t i c
rate a n d biomass p r o d u c t i o n p o t e n t i a l m a y a d d t o h igher a n i m a l p r o d u c t i v i t y .
Development of dwarf short-duration hybrids for rainy season
D e m a n d f o r l a b o r i s v e r y h i g h d u r i n g harves t o f r a i n y season c rops . T h e r e f o r e ,
l i m i t e d l a b o r ( f a m i l y / h i r e d l a b o r ) i s d e p l o y e d f o r ha rves t o f h i g h - v a l u e c rops .
S o r g h u m r e m a i n s i n t h e f i e l d f o r l o n g e r t i m e even a f te r m a t u r i t y a n d i s p r o n e
t o g r a i n m o l d a s c o n d i t i o n s b e c o m e m o r e f avo rab l e . T h e r e f o r e , d e v e l o p m e n t
o f e a r l y - m a t u r i n g d w a r f g e n o t y p e s w h i c h are a m e n a b l e f o r c o m b i n e d
h a r v e s t i n g are necessary to ge t c lean g r a i n w h e n t h e r e i s a p e a k d e m a n d f o r
labor . T h e e c o n o m y i n ha rves t o p e r a t i o n a n d m o l d - f r e e , c l ean -g ra in ha rves t
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w i l l ensure b e t t e r f o o d a n d m a r k e t p r ices . S u c h e a r l y - m a t u r i n g d w a r f c u l t i v a r s
w i l l also f i t i n i n t e r c r o p p i n g sys tems based o n l o w c a n o p y c r o p s such as
soybean a n d g r o u n d n u t w h i c h r e p l a c e d s o r g h u m i n t h e past .
Sorghum production in rice fallows for market surplus
I n t r o d u c t i o n o f s o r g h u m i n r i c e f a l l o w s , e spec ia l ly i n n o n - c o n v e n t i o n a l areas
appears t o b e p o t e n t i a l l y p r o m i s i n g . P l a n t i n g o f s o r g h u m i n l a te D e c e m b e r t o
January ensures h i g h f o d d e r y i e l d t o m e e t t h e s tover d e m a n d o f these areas.
Red sorghum for feed and exports
T o m e e t t h e f e e d d e m a n d i n h i g h r a i n f a l l reg ions , r e d g ra in s o r g h u m ( i m p a r t s
r i c h y e l l o w n e s s t o y o l k o f egg) m a y b e t a r g e t e d a s p o t e n t i a l r a w m a t e r i a l f o r
p o u l t r y . T h e r e d g r a i n t y p e s have g o o d d e m a n d i n m a n y c o u n t r i e s f o r f e e d . I n
Japan, s o r g h u m is c o n s i d e r e d as a v a l u e d c o n s t i t u e n t in l i v e s t o c k f e e d r a t h e r
t h a n m a i z e ( i m p a r t s m o r e y e l l o w c o l o r t o t h e m e a t ) a s c o n s u m e r s p r e f e r w h i t e
c o l o r e d m e a t . H e n c e , I n d i a n s o r g h u m s m a y b e e x p l o i t e d f o r t h i s p u r p o s e .
Industrial alternative uses
Animal feed 
S o r g h u m g ra in i s p e r c e i v e d to be u t i l i z e d a s a r a w m a t e r i a l i n a n i m a l f eed ,
espec ia l ly p o u l t r y f e e d . A t p r e sen t i n I n d i a a b o u t 1 .5-1 .7 m i l l i o n t o f s o r g h u m
gra in i s b e i n g u s e d f o r a n i m a l f e e d . G e n e t i c e n h a n c e m e n t i n d i g e s t i b i l i t y o f
g r a i n w i l l ensure b e t t e r n u t r i t i o n . T h e p o u l t r y f e e d i n d u s t r i e s w i l l c o n t i n u e t o
b e t h e m a j o r user o f s o r g h u m i n t h e f u t u r e ( F i g . 8 ) .
Figure 8. Relative contribution of alternate uses of sorghum in India. 
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Potable alcohol from grain 
A n o t h e r i m p o r t a n t p o t e n t i a l n i c h e c o u l d b e u t i l i z a t i o n o f s o r g h u m g ra in f o r
a l c o h o l p r o d u c t i o n . A t least t e n m a n u f a c t u r i n g u n i t s i n I n d i a are a l r eady
u t i l i z i n g g r a i n f o r t h e p r o d u c t i o n o f p o t a b l e a l c o h o l . W i t h t h e i m p l e m e n t a t i o n
o f G o v e r n m e n t o f I n d i a ' s n e w p o l i c y t o b l e n d e t h a n o l w i t h p e t r o l , i n i t i a l l y u p
t o 5 % a n d increase u p t o 1 0 % , huge d e m a n d i s c r e a t e d f o r e t h a n o l p r o d u c t i o n .
I t is l i k e l y t h a t sugarcane (Saccharum officinarum) molasses can be u s e d as
r a w m a t e r i a l f o r b i o - f u e l p r o d u c t i o n , w h i l e s o r g h u m g r a i n m a y b e used i n
p o t a b l e a l c o h o l sec to r o w i n g t o i t s b e t t e r q u a l i t y a n d gap c r e a t e d b y d i v e r s i o n
o f molasses .
Sweet sorghum as bio-energy source 
S w e e t s o r g h u m i s a n e x c e l l e n t source f o r b i o - f u e l p r o d u c t i o n . T h e s ta lks
w h i c h are r i c h i n sugar can b e u sed f o r e t h a n o l p r o d u c t i o n o r jaggery
p r o d u c t i o n . S w e e t s o r g h u m i s s i m i l a r t o g r a i n s o r g h u m i n t e r m s o f w i d e
a d a p t a b i l i t y . I t can p r o d u c e u p t o 5 , 0 0 0 - 7 , 0 0 0 L e t h a n o l h a - 1 w h i c h m a k e s i t
h i g h l y a t t r a c t i v e t o s u p p l e m e n t p e t r o l e u m reserves. S w e e t s o r g h u m , w i t h
o n e - t h i r d w a t e r r e q u i r e m e n t o f sugarcane, s u p p l e m e n t s l a t e r i n t h e lean
p e r i o d a n d increases t h e c a p a c i t y o f u t i l i z a t i o n o f t h e sugar p l a n t . A t e c h n o -
e c o n o m i c f e a s i b i l i t y s t u d y u n d e r t a k e n b y t h e N a t i o n a l Research C e n t r e f o r
S o r g h u m ( N R C S ) , H y d e r a b a d w i t h M / s R e n u k a Sugars L t d , B e l g a u m ,
K a r n a t a k a , I n d i a i n d i c a t e d t h a t t h e cos t o f p r o d u c t i o n o f e t h a n o l f r o m s w e e t
s o r g h u m sta lks w o r k e d o u t t o b e R s 13 .11 L - 1 i n c o m p a r i s o n w i t h sugarcane
molasses f r o m R s 9 .25 L - 1 ( o w n molasses g e n e r a t e d i n sugar f a c t o r y ) t o R s
12 .55 L - 1 ( f r o m p u r c h a s e d molasses) .
Malt
A n o t h e r p o t e n t i a l area c o u l d b e t h e use o f s o r g h u m m a l t a n d a s a n a d j u n c t i n
b r e w i n g i n d u s t r y . M a l t e d s o r g h u m i s u s e d f o r b r e w i n g beer i n G h a n a a n d
N i g e r i a . S o r g h u m ' s c o m p a r a t i v e advantage w o u l d b e i t s l o w o u t p u t p r i c e ,
espec ia l ly i n p r o d u c t i o n reg ions o f r a i n y season s o r g h u m i n I n d i a ove r t h a t o f
e x i s t i n g r a w m a t e r i a l .
Processing for other food uses 
A p a r t f r o m these i n d u s t r i a l uses m a n y t r a d i t i o n a l v a l u e - a d d e d p r o d u c t s can b e
p r e p a r e d f r o m s o r g h u m a n d m i l l e t s o w i n g t o t h e i r n u t r i t i v e va lue . T h e s e
i n c l u d e d i a b e t i c foods w i t h h i g h f i b e r c o n t e n t ( a n t i o x i d a n t s ) a n d i n va r ious
b a k e r y p r o d u c t s l i k e b u n , b r e a d , cakes, cook ies and b i s cu i t s w h i c h s h o u l d
t a r g e t t h e u r b a n c o n s u m e r s .
Pearl millet feed and food products 
More recently pearl mil le t is being used as a low-cost substitute for maize in
p o u l t r y a n d d a i r y f eed , w h i c h i s ga in ing m o m e n t u m . I n a d d i t i o n , t h e r e are
o t h e r n iches f o r p e a r l m i l l e t :
• D u e t o i t s r i c h p r o t e i n c o n t e n t , t h e g ra in can b e u sed f o r p r e p a r a t i o n o f
p r o t e i n - r i c h f o o d s .
• T h e b r a n i s r i c h i n o i l ; h e n c e i t can c o m p l e m e n t r i c e b r a n i n o i l
e x t r a c t i o n .
• Pear l m i l l e t can also be u s e d f o r b r e w i n g i n t h o s e f avorab le areas w i t h
m a r k e t e d su rp lu s w h e r e t h e f ac to r i e s are l o c a t e d .
• T h e h i g h f i b e r c o n t e n t i n t h e g ra in can b e e x p l o i t e d t o p r epa re h e a l t h foods .
D i a b e t i c f o o d p r o d u c t s can also b e p r e p a r e d .
I n c r e a s i n g t h e p r o d u c t i v i t y t h r o u g h i m p r o v e d t e c h n o l o g i e s a n d q u a l i t y
o f p r o d u c t w o u l d r e s u l t i n r e d u c e d cos t o f p r o d u c t i o n p e r u n i t o r i n c r e a s e d
p r o f i t a b i l i t y p e r u n i t area. D u e t o t h i s r e d u c e d cos t , s o r g h u m a n d p e a r l
m i l l e t m a y b e e x t e n s i v e l y u s e d i n v a l u e - a d d e d a n d i n d u s t r i a l a p p l i c a t i o n s
w h i c h m a y f e t c h h i g h r e m u n e r a t i o n f o r p o o r f a r m e r s t h u s a l l e v i a t i n g
p o v e r t y . T o h a s t e n t h i s process , aspects l i k e m a r k e t i n g , c o n t r a c t f a r m i n g a n d
f a r m e r - i n d u s t r y l inkages s h o u l d b e s t r e n g t h e n e d t h a t m a y r e s u l t i n a f a i r
deg ree o f c o m m e r c i a l i z a t i o n . T o m i n i m i z e c o m p e t i t i o n w i t h p r e f e r r e d
cereals , i m p r o v e m e n t s i n s h e l f l i f e o f f l o u r a n d s t o r a b i l i t y are essen t ia l
f ea tu r e s .
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Sorghum and Pearl Mi l let : Health Foods and
Industrial Products in Developed Countries
JA Dahlberg1, JP Wilson2 and T Snyder1
Abstract
Sorghum and pearl millet are important staples to millions of people worldwide. 
The use of these cereals in the developed world has been primarily restricted to 
animal feed and little work has been done to evaluate them in industrial food 
systems. Recent work has suggested that these cereals possess unique 
characteristics that have both nutritional and functional properties that lend 
themselves to the development of healthy, nutritious foods. Both cereals are gluten-
free, have unique phenolic compounds, which are being identified as having 
medicinal properties and contain proteins and starch characteristics that lend 
themselves to functional food uses that may impact health. In Africa and Asia, 
these cereals have been used in traditional food products, but now their use in 
industrial settings is being explored. Both developed and developing countries 
have similar problems in using these two crops for high-end food systems. These 
problems form the foundation that keeps the 'technology bridge' from collapsing as 
research is moved to market development. These foundations are stable, reliable 
sources of relatively inexpensive high quality grain and new market development 
in Africa and Asia. Without these basic requirements, development of new food 
markets for sorghum or pearl millet will be extremely difficult. 
S o r g h u m (Sorghum bicolor) a n d p e a r l m i l l e t (Pennisetum glaucum) are t h e
m a j o r ce rea l c rops t h r o u g h o u t t h e w o r l d . I n 2 0 0 2 , 4 2 . 1 m i l l i o n h a o f s o r g h u m
w e r e h a r v e s t e d w o r l d w i d e , w i t h a t o t a l p r o d u c t i o n o f 55 .3 m i l l i o n t . A f r i c a ,
I n d i a a n d t h e U n i t e d States are t h e largest p r o d u c e r s o f s o r g h u m r e p r e s e n t i n g
a p p r o x i m a t e l y 5 4 . 0 % , 2 3 . 5 % a n d 7.2%) o f t h e t o t a l h a r v e s t e d area a n d 3 7 . 8 % ,
1 4 . 5 % a n d 1 7 . 5 % o f t h e t o t a l w o r l d p r o d u c t i o n , r e spec t ive ly . T h e average
p r o d u c t i v i t y o f s o r g h u m i s a p p r o x i m a t e l y 3 , 1 8 1 k g h a - 1 i n t h e U n i t e d States ,
w h i l e i t i s 9 2 0 a n d 8 0 8 k g h a - 1 i n A f r i c a a n d I n d i a , r e spec t ive ly . Pear l m i l l e t i s
p l a n t e d o n 3 6 . 9 m i l l i o n h a w o r l d w i d e w i t h a t o t a l p r o d u c t i o n o f 2 5 . 8 m i l l i o n t .
A f r i c a r ep re sen t s 5 7 . 0 % o f t h e t o t a l w o r l d p r o d u c t i o n w h i l e I n d i a accoun t s f o r
3 2 . 5 % . V e r y l i t t l e m i l l e t i s g r o w n f o r g ra in i n t h e U n i t e d States . A f r i c a a n d
I n d i a p r o d u c e 8 3 . 0 % o f t h e m i l l e t s c o n s u m e d w o r l d w i d e , w h i l e t h e U n i t e d
States p r o d u c e s o n l y 0 .3 m i l l i o n t ( F A O 2 0 0 3 ) .
1.
2 .
N a t i o n a l G r a i n S o r g h u m Producers , P O B o x 5 3 0 9 , L u b b o c k , Texas 7 9 4 0 8 , U S A .
U S D A - A R S , Coas ta l P l a in E x p e r i m e n t S t a t i o n , P O B o x 7 4 8 , T i f t o n , G e o r g i a 3 1 7 9 3 , U S A .
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I n m o s t d e v e l o p e d count r ies , b o t h s o r g h u m and m i l l e t , p r i m a r i l y pear l
m i l l e t , have been used as an ima l feed . Pearl m i l l e t i s g r o w n p r i m a r i l y for forage in
t h e U n i t e d States, t h o u g h i t i s beg inn ing to be used as a c o m p o n e n t in p o u l t r y
ra t ions . S o r g h u m gra in has t r a d i t i o n a l l y been used in f eed ra t ions fo r bee f a n d
da i ry ca t t le , pou l t ry , p o r k and sheep, w h i l e s o r g h u m forages are w i d e l y used in t h e
b e e f and da i ry indus t ry . S o r g h u m grain can be pe l l e t ed , e x t r u d e d , s team-f laked,
r o l l e d , c r acked and f e d w h o l e ( D o g g e t t 1988 , S m i t h and Freder iksen 2 0 0 0 ) .
S o r g h u m a n d m i l l e t s p r o v i d e a n i m p o r t a n t c o m p o n e n t t o t h e d ie ts o f m a n y
peop le i n t h e w o r l d i n t h e f o r m o f un leavened breads, b o i l e d po r r i dge o r g rue l ,
m a l t e d beverages, and special ty foods such as p o p p e d grain a n d beer. S y r u p is
m a d e f r o m sweet s o r g h u m . Rooney a n d Waniska ( 2 0 0 0 ] p r o v i d e an exce l len t
r e v i e w o f s o r g h u m use in f o o d and indus t r i a l u t i l i z a t i o n ; however , these foods are
p r i m a r i l y c o n s u m e d in deve lop ing count r ies . Tradi t iona l ly , s o r g h u m has been used
in u n f e r m e n t e d and f e r m e n t e d breads, porr idges , couscous, r ice (Oryza sativa)-
l i k e p roduc t s , snacks, a n d m a l t e d a lcohol ic and nona lcohol ic beverages. In m a n y
cases, t h e same i s t r u e fo r m i l l e t . A n d r e w s and K u m a r ( 1 9 9 2 ) , F A O ( 1 9 9 5 ) a n d
M u r t y a n d K u m a r ( 1 9 9 5 ) p r o v i d e exce l l en t rev iews o f pear l m i l l e t uses i n f o o d
systems, b u t again these are p r i m a r i l y uses f o u n d w i t h i n deve lop ing count r ies .
Recen t ly , i n t e r e s t i n b o t h s o r g h u m a n d m i l l e t i n h i g h - e n d f o o d p r o d u c t s ,
espec ia l ly i n h e a l t h f o o d m a r k e t s , has b e g u n i n reg ions o f t h e w o r l d t h a t have
t r a d i t i o n a l l y n o t u sed these grains i n h u m a n f o o d sys tems . Japan has t a k e n t h e
l e a d i n d e v e l o p i n g s n a c k - f o o d p r o d u c t s us ing s o r g h u m , a n d i n t e r e s t i n
s o r g h u m ' s ' g l u t e n - f r e e ' p r o p e r t i e s has d e v e l o p e d a d e m a n d f o r h i g h q u a l i t y
f o o d s o r g h u m s w i t h i n t h e U n i t e d States. T h e p ros a n d cons o f c r e a t i n g f o o d
m a r k e t s f o r s o r g h u m a n d m i l l e t p r i m a r i l y i n t h e U n i t e d States a n d also i n
o t h e r d e v e l o p e d c o u n t r i e s are d iscussed .
Grain characteristics of sorghum and pearl millet for
use in food products
S o r g h u m a n d m i l l e t s i n t h e d e v e l o p e d c o u n t r i e s have b e e n u s e d f o r a n i m a l
f eed a n d t h e r e f o r e t h e r e has b e e n l i t t l e b r e e d i n g w o r k t o d e v e l o p these grains
f o r h i g h - v a l u e f o o d uses. G e n e s have b e e n i n c o r p o r a t e d i n h y b r i d s a n d l ines
t h a t m a k e use o f l i g h t c o l o r e d g ra in a n d g l u m e s t h a t r e d u c e t h e a m o u n t o f
s t a i n i n g a n d increase q u a l i t y o f t h e g ra in e n a b l i n g t h e d e v e l o p m e n t o f
accep tab le f o o d p r o d u c t s . I n 2 0 0 3 , a p p r o x i m a t e l y 8 1 0 0 h a o f food -g rade
s o r g h u m s w e r e p l a n t e d i n t h e U n i t e d States . Food-grade s o r g h u m s are
d e f i n e d a s t y p e s h a v i n g w h i t e g r a i n w i t h b o t h t a n p l a n t a n d g l u m e
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Table 2. Chemical composition and essential amino acid composition of sorghum
and pearl millet.
Composition
Chemical composition (%)
Protein
Fiber
Lipid
A s h
Starch
Essential amino acids (%)
Lysine
Threonine
Valine
Methionine
Isoleucine
Leucine
Phenylalanine
Sorghum
11.0
(7.3-15.6)1
2.7
(1.2-6.6)
3.2
(0.5-5.2)
1.8
(1.1-4.5)
70.8
(55.6-75.2)
2.2
3.3
5.4
1.4
4.1
14.7
5.0
Pearl millet
14.5
(8.6-19.4)
2.0
(1.4-7.3)
5.1
(1.5-6.8)
2.0
(1.6-3.6)
71.6
(63.1-78.5)
3.0
3.6
3.9
2.3
4.6
9.6
5.5
1. Range values are given in parentheses.
Source: Andrews and Kumar (1992), Sema-Saldivar and Rooney (1995), Waniska and Rooney (2000).
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Table 1. Caryopsis makeup of sorghum and pearl millet.
Description
Endosperm (%)
Germ (%)
Pericarp (%)
Sorghum
84.2
9.4
6.5
Pearl millet
75.0
17.0
8.0
Source: Andrews and Kumar (1992), Waniska and Rooney (2000).
cha rac te r i s t i c s . T h e N a t i o n a l G r a i n S o r g h u m P r o d u c e r s ( N G S P ) , Texas, U S A
have d e v e l o p e d a p r o g r a m t o assist i n t h e i d e n t i t y p r e s e r v a t i o n o f these gra ins .
Ca ryopses o f p e a r l m i l l e t a n d s o r g h u m cons i s t o f t h r e e a n a t o m i c a l l y
d i s t i n c t c o m p o n e n t s , t h e p e r i c a r p , e n d o s p e r m a n d g e r m . T h o u g h p e a r l m i l l e t
t e n d s t o b e a p p r o x i m a t e l y o n e - t h i r d t h e size o f s o r g h u m , t h e p r o p o r t i o n o f
g e r m a n d b r a n t e n d t o b e g rea te r (Table 1 ) . C h e m i c a l a n d a m i n o a c i d
c o m p o s i t i o n o f b o t h s o r g h u m a n d p e a r l m i l l e t are o u t l i n e d i n Table 2 .
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Table 3. Resul ts of assays for mycotox ins in pearl mil let grain p r o d u c e d in t h e
southeas tern Uni ted States.
Mycotoxin
Aflatoxin
Fumonisin
Zearalenone
Deoxynivalenol
Nivalenol
Moniliformin
Beauvaricin
Maximum
preharvest
levels1
(PPb)
290
240
170
10
420
184
1044
Preharvest levels in crops
grown side-by-side2
(PPb)
Maize Millet
0-564 0-21
0-80,000 0-250
0 0 -200
0-118 0-1000
Mycotoxin levels after
high moisture storage3
(PPb)
Initial Final
290 1750
0 0 
0 400
400 400
400 400
11 11
2190 2190
1. Data from 1990-93, 1996-98, 2000-01.
2. Evaluation conducted over 13 planting dates in 2000 and 2001.
3. Grain stored at approximately 22% moisture for 1 month. Common fungi in high moisture grain were Aspergillus 
glaucus, A. candidus, A, niger and A. flaws. Grain was stable for several months when treated with either propionic acid
or ammonium propionate at 1 to 1.5%.
Source: Wilson et al. (1993,1995, 2000, 2002), DM Wilson, University of Georgia, College of Agricultural and
Environmental Sciences, Tifton, Georgia, USA (personal communication).
B o t h grains d e v e l o p i n ' o p e n ' pan ic les a n d t h i s e n v i r o n m e n t i s m o r e
favo rab l e f o r f u n g i t h a t p r o d u c e l o w levels o f r e g u l a t e d a n d n o n - r e g u l a t e d
m y c o t o x i n s ( f o r a g rea te r r e v i e w o f m y c o t o x i n s , see C A S T 2 0 0 3 ) . B o t h
a f l a t o x i n a n d f u m o n i s i n can be m a j o r issues in m a i z e (Zea mays), b u t are
t y p i c a l l y n o t ser ious issues i n e i t h e r s o r g h u m o r i n p e a r l m i l l e t (Table 3 ) .
S torage f u n g i can d e v e l o p i n g r a i n t h a t i s i m p r o p e r l y h a n d l e d a n d storage
p rac t i c e s are i m p o r t a n t i n p r e v e n t i n g t h e d e t e r i o r a t i o n o f g r a i n q u a l i t y .
S o r g h u m a n d p e a r l m i l l e t grains are s m a l l a n d t h i s has b e e n p e r c e i v e d a s
a p r o b l e m f o r t h e i r use i n f o o d p r o d u c t s w i t h i n t h e U n i t e d States . H o w e v e r ,
e x t e n s i v e research has s h o w n t h a t b o t h cereals can b e u s e d i n a w i d e range o f
p rocess ing t e c h n o l o g i e s t h a t l ends i t s e l f t o f o o d p r o d u c t s . A n d r e w s a n d
K u m a r ( 1 9 9 2 ) a n d Rooney a n d W a n i s k a ( 2 0 0 0 ) p r o v i d e e x c e l l e n t r e v i e w s o f
t h e g r a i n cha rac t e r i s t i c s o f s o r g h u m a n d p e a r l m i l l e t a n d h o w t h e y f i t i n t o
process ing t e c h n o l o g i e s .
Because b o t h cereals t e n d t o b e g r o w n u n d e r m a r g i n a l c o n d i t i o n s a n d
w i t h l i t t l e i n p u t , v a r i a b i l i t y w i t h i n t h e c r o p s d u e t o t h e e n v i r o n m e n t leads t o
a w i d e range o f q u a l i t y o f t h e g r a i n . T h e d e f i n i t i o n o f ' h i g h g r a i n q u a l i t y '
d e p e n d s u p o n t h e c h a r a c t e r i s t i c s c o n s i d e r e d t o b e d e s i r a b l e . I n t h e A f r i c a n
c o n t e x t , t h e subs i s t ence c r o p , w h i c h p r o v i d e s f o o d f o r t h e h o u s e h o l d can
d i f f e r f r o m t h e cash c r o p s o l d t o i n d u s t r i a l p rocesso r s . T h e s m a l l h o l d e r
subs i s t ence f a r m e r o f t e n uses l o w - y i e l d i n g ' t r a d i t i o n a l ' v a r i e t i e s w i t h
p r e f e r r e d f o o d a n d t a s t e q u a l i t i e s . T h e g r a i n i s e x t r e m e l y h a r d a n d res is ts
in sec t s i n s to rage , a n d c a n s t o r e w e l l f o r years w h i l e m a i n t a i n i n g seed
v i a b i l i t y . S to rage p r o b l e m s are m o r e c o m m o n w h e n f a r m e r s a d o p t h i g h e r
y i e l d i n g v a r i e t i e s t h a t t e n d t o have s o f t e r e n d o s p e r m s , w h i c h are m o r e
s u s c e p t i b l e t o i n s e c t a n d m o l d i n f e s t a t i o n ( F A O 2 0 0 2 ) . F o o d - g r a d e q u a l i t y
v a r i e t i e s t h a t have h a r d , w h i t e , r o u n d g r a i n w o u l d b e s u i t a b l e f o r i n d u s t r i a l
p r o c e s s i n g . T h e l a c k o f a r e l i a b l e , c o n s i s t e n t s u p p l y o f g r a i n f o r c o m m e r c i a l
a n d i n d u s t r i a l f o o d uses has b e e n t h e b igges t o b s t a c l e t o g r e a t e r use o f
s o r g h u m a n d m i l l e t i n f o o d s y s t e m s .
Health factors in sorghum and pearl millet food
products
S o r g h u m a n d p e a r l m i l l e t c o u l d f i n d a s i g n i f i c a n t n i c h e i n t h e n u t r i t i o n a l
f o o d s m a r k e t i n d e v e l o p e d c o u n t r i e s . U n i q u e h e a l t h f o o d s t h a t have h i g h
leve l s o f i n s o l u b l e d i e t a r y f i b e r , p h y t a t e s a n d p h y t o c h e m i c a l s c o u l d b e m a d e
f r o m s o r g h u m s w i t h h i g h l eve l s o f c a t e c h i n s , f l a v o n o i d s , p h y t a t e s a n d h a r d e r
t o d i g e s t p r o t e i n s . T a n n i n s o r g h u m s c o n t a i n h i g h l eve l s o f a n t i o x i d a n t s a n d
m a y have a n t i c a n c e r p r o p e r t i e s ( C h u n g e t a l . 1 9 9 8 ) . P h e n o l s i n s o m e
s o r g h u m s range f r o m 4 . 1 t o 2 0 . 9 m g g - 1 ( d r y w e i g h t basis) w h i l e t h e
c o n d e n s e d t a n n i n s ( c a t e c h i n e q u i v a l e n t s ) r ange f r o m 0 t o 3 6 . 8 m g g - 1 .
C o n v e r t e d t o a d r y w e i g h t basis, b l u e b e r r i e s ( V a c c i n i u m s p p ) have 3 .4 t o
2 4 . 2 m g g - 1 o f p h e n o l s ( H e i n o n e n e t a l . 1 9 9 8 ) . T h u s , t h e c o n c e n t r a t i o n o f
p h e n o l s i n s o m e s o r g h u m s i s c o m p a r a b l e t o o r h i g h e r t h a n t h a t o f
b l u e b e r r i e s . P h e n o l i c c o m p o u n d s , e s p e c i a l l y f l a v o n o i d s , have b e e n f o u n d t o
i n h i b i t t u m o r d e v e l o p m e n t ( H u a n g a n d F e r r a r o 1 9 9 2 ) . S o m e g r a i n s o r g h u m s
h a v e b e e n f o u n d t o c o n t a i n t he se u s e f u l c o m p o u n d s ( S h a h i d i a n d N a c z k
1 9 9 2 ) . P o l y p h e n o l s a n d t a n n i n s are f o u n d i n p e a r l m i l l e t ; h o w e v e r , l i t t l e
w o r k has b e e n d o n e i n U S A t o e v a l u a t e t h e m . S r i p r i y a e t a l . ( 1 9 9 6 ) r e p o r t e d
p h e n o l i c c o n t e n t s o f 5 1 . 4 a n d 4 3 . 1 m g 1 0 0 g - 1 d r y w e i g h t o f p e a r l m i l l e t a n d
s o r g h u m , r e s p e c t i v e l y . F u r t h e r r e s e a r c h i s n e e d e d , b u t g i v e n t h e va lues
r e p o r t e d b y t h e s e a u t h o r s p e a r l m i l l e t w o u l d s e e m t o have e x c e l l e n t l eve l s o f
a n t i o x i d a n t c o m p o u n d s .
T h e p h e n o l i c c o m p o u n d s , f l a v o n o i d s a n d t a n n i n s are c o n c e n t r a t e d i n t h e
p e r i c a r p a n d tes ta , w h i c h can b e abras ive ly m i l l e d t o p r o d u c e i n g r e d i e n t s
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Tab le 5 . Pheno l i c c o m p o u n d s a n d d ie tary f iber a d d e d to b r e a d .
Bran1
Red wheat
White sorghum
Brown sorghum
Black sorghum
Bran
(g 56 g-1)
5.4
5.4
5.4
5.4
Phenols
(mg 56g-1)
14
18
504
106
Tannins
(mg 56g-1)
828
47
ORAC2
(umol TE 56g-1)
149
123
1900
539
1. Calculated from bran data; 15% bran loaf-1 of bread.
2. ORAC = Oxygen radical absorbance capacity; TE = Trolox equivalents.
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p r o v i d i n g h e a l t h benef i t s . D r y m i l l i n g us ing d e c o r t i c a t i o n separates t h e pe r i ca rp
f r o m t h e e n d o s p e r m , w h i c h concen t ra tes t h e pheno l s 4 - t o 7 - f o l d i n t h e b r a n
f rac t ions . Brans o f several t a n n i n - c o n t a i n i n g so rghums d e c o r t i c a t e d 1 0 - 1 5 % h a d
1 4 0 - 1 8 0 m g c a t e c h i n equ iva len ts g - 1 ( t a n n i n ) a n d 5 3 - 7 2 gall ic ac id equ iva len t s
g - 1 ( p h e n o l i c c o m p o u n d s ) . W h i t e s o r g h u m b r a n a n d w h e a t b r a n w e r e less t h a n
1 0 % o f these values ( A w i k a 2 0 0 0 ) . L W Rooney and c o w o r k e r s , Texas A & M
U n i v e r s i t y , Texas, U S A have i d e n t i f i e d a n d ana lyzed gal l ic , p r o t o c a t e c h u i c , p -
h y d r o x y b e n z o i c , van i l l i c , caffeic, p - c o u m a r i c , f e ru l i c a n d c i n n a m i c acids i n
s o r g h u m ( H a h n e t a l . 1 9 8 4 ) . E igh t o t h e r p h e n o l i c acids w e r e u n i d e n t i f i e d .
O x y g e n r ad i ca l absorbance c a p a c i t y ( O R A C ) o f b r a n f r o m t h e b r o w n ,
t a n n i n - c o n t a i n i n g s o r g h u m was t h e h ighes t [ 4 1 0 u m o l T r o l o x equ iva l en t s ( T E )
g - 1 ] . O R A C values o f t h e b r o w n a n d b l a c k s o r g h u m brans w e r e h i g h e r t h a n
t h o s e o f b l u e b e r r i e s (Tables 4 a n d 5 ) . W h i t e s o r g h u m a n d w h e a t (Triticum 
aestivum) b r a n h a d t h e l o w e s t O R A C values d u e t o t h e i r l o w levels o f p h e n o l s .
Table 4 . Leve ls o f p h e n o l s a n d f iber in b ran a n d o ther p r o d u c t s (dry mat ter bas is ) .
Bran/Component
Red wheat
White sorghum
Brown sorghum
Black sorghum
Blueberries
Berries2
Phenols
(mg g-1)
3
4
107
22
26
1-22
Tannins
(mg g-1)
-
-
175
10
20
-
Anthocyanins
(abs g-1 ml-1)
-
-
31
520
50
-
ORAC1
(umol TE g-1)
31
27
401
114
-
63-282
Dietary
fiber
(%)
48
41
45
43
-
-
1. ORAC = Oxygen radical absorbance capacity; TE = Trolox equivalents.
2. Source: Prior et al. (1998).
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Pos i t ive c o r r e l a t i o n s w e r e o b s e r v e d b e t w e e n t h e O R A C values a n d t a n n i n s
( r = 0 . 8 9 ) a n d p h e n o l s ( r = 0 . 9 4 ) i n t h e s o r g h u m brans . T h e h i g h levels o f
d i e t a r y f i b e r i n these f r a c t i o n s c o u l d o f f e r a d d i t i o n a l b e n e f i t s . D i e t a r y f i b e r
levels i n t h e b r a n f r a c t i o n s r a n g e d b e t w e e n 3 6 . 1 a n d 4 2 . 9 % o n d r y w e i g h t
basis. W h e a t b r a n h a d a d i e t a r y f i b e r va lue o f 4 7 . 6 % . S o r g h u m b r a n f r a c t i o n s
have p r o d u c e d b r e a d w i t h e x c e l l e n t q u a l i t y c o n t a i n i n g h i g h levels o f p h e n o l s
w i t h g o o d a n t i o x i d a n t va lues .
S o r g h u m brans c o u l d be e x p l o i t e d a s a source o f p h y t o n u t r i e n t s i n foods .
S u b s t i t u t i n g 1 5 % o f each o f t h e f o u r brans f o r w h e a t f l o u r r e s u l t e d i n breads
w i t h s i m i l a r p h y s i c a l p r o p e r t i e s : spec i f i c v o l u m e o f 4 . 2 - 4 . 6 c m 3 g - 1 , s i m i l a r
l o a f appearance ( shape) , c o m p r e s s i o n f o r c e o f 3 . 8 - 5 . 1 N e w t o n s a t 2 h ,
m o i s t u r e o f 3 9 . 6 - 4 0 . 0 % a n d an a d d i t i o n a l 1 .9-2 .3 g d i e t a r y f i b e r p e r 56 g 
se rv ing . T h e s e t r e a t m e n t s w e r e s e l ec t ed a s t h e o p t i m u m levels f o r a d d i t i o n o f
t h e b r a n because o f t h e i r h i g h e r d i e t a r y f i b e r a n d p h e n o l i c c o n t e n t w h i l e s t i l l
m a i n t a i n i n g des i r ab le a t t r i b u t e s . A d d i n g 1 5 % b r o w n o r b l a c k s o r g h u m b r a n t o
b r e a d y i e l d s b r o w n i s h , d a r k - c o l o r e d loaves, w i t h o u t t h e a d d i t i o n o f c a r a m e l
co lo r , a n d adds s i g n i f i c a n t levels o f p h e n o l i c c o m p o u n d s a n d d i e t a r y f i be r .
S u c h breads have a r i c h f l a v o r a n d dense t e x t u r e l i k e m a n y c o m m e r c i a l l y
avai lable s p e c i a l t y breads , i n c l u d i n g d a r k r y e (Secale cereale) a n d
p u m p e r n i c k e l breads , a n d c o u l d b e m a r k e t e d a s n u t r a c e u t i c a l p r o d u c t s .
N u t r a c e u t i c a l s i s t h e fastest g r o w i n g segment o f t h e f o o d i n d u s t r y (S loan
1 9 9 9 ) . T h e m a r k e t i s e x p e c t e d t o r e m a i n s t rong a n d stable . Clear ly , w i t h t h e
increas ing d e m a n d f o r a n t i o x i d a n t r i c h foods a n d p r o d u c t s , n e w sources are
b o u n d to p lay an i m p o r t a n t r o l e i n t h i s m a r k e t . Spec ia l ty s o r g h u m brans are a 
p r o m i s i n g source o f these c o m p o u n d s , g iven t h e i r e x c e l l e n t c o l o r i n g a b i l i t y a n d
a n t i o x i d a n t ac t iv i ty . T h e b r o w n , t a n n i n so rghums are undes i r ab l e f o r a n i m a l
feeds and h u m a n foods w h e r e t h e y r e d u c e t h e n u t r i t i o n a l value b y 1 5 t o 3 0 %
d e p e n d i n g u p o n a n i m a l species a n d f eed ing a n d process ing m e t h o d s (Rooney
a n d P f lug fe lde r 1 9 8 6 ) . P h y t a t e a n d d i e t a r y f i b e r levels i n s o r g h u m p e r i c a r p are
h i g h a s w e l l ; t h u s i n a d d i t i o n t o a n t i o x i d a n t s , t h e so rghums c o u l d r e d u c e ca lor ic
va lue o f foods a n d a d d d i e t a r y f iber . Research c o n d u c t e d o n pear l m i l l e t w o u l d
also suggest t h a t t h i s gra in w o u l d have s i m i l a r p r o p e r t i e s a s s o r g h u m a n d c o u l d
b e f u r t h e r e x p l o i t e d i n these n e w m a r k e t s w i t h a d d i t i o n a l research.
T h e starches i n s o r g h u m are re leased m o r e s l o w l y t h a n those i n o t h e r
cereals ( K l o p f e n s t e i n a n d H o s e n e y 1 9 9 5 ) , a n d so i t i s c o n s i d e r e d benef i c i a l t o
d iabe t i cs ( m o r e t h a n 3 0 % o f A m e r i c a n s have d i a b e t i c r e l a t e d p r o b l e m s ) . Pearl
m i l l e t has a v e r y h i g h -amylase ac t iv i ty , a b o u t 1 0 t i m e s t h a t o f w h e a t . M a l t o s e
a n d D - r i b o s e are t h e p r e d o m i n a n t sugars i n t h e f l o u r , w h i l e f r u c t o s e a n d
glucose levels are l o w ( O s h o d i e t a l . 1 9 9 9 ) . Foods w i t h a l o w g l y c a e m i c i n d e x
are u s e f u l t o manage m a t u r i t y - o n s e t d iabe tes , b y i m p r o v i n g m e t a b o l i c c o n t r o l
o f b l o o d pressure a n d p l a sma l o w - d e n s i t y l i p o p r o t e i n c h o l e s t e r o l levels d u e t o
t h e less p r o n o u n c e d i n s u l i n response ( A s p 1 9 9 6 ) .
H a m a k e r e t a l . ( 1 9 8 7 ) r e p o r t e d t h a t s o r g h u m p ro t e in s are s ign i f i can t ly less
d iges t ib le t h a n o t h e r cereal p ro t e ins ; however , t h i s has t h e p o t e n t i a l o f b e i n g a 
h e a l t h b e n e f i t f o r c e r t a i n d i e t a r y g roups . P r o t e i n q u a l i t y i s p r i m a r i l y a f u n c t i o n
o f i t s a m i n o a c i d c o m p o s i t i o n . G r a i n p r o t e i n s are classif ied accord ing t o t h e i r
s o l u b i l i t y charac ter i s t ics : a l b u m i n ( w a t e r so lub le ) , g l o b u l i n ( so luble i n d i l u t e salt
s o l u t i o n ) , p r o l a m i n ( so luble i n a l coho l ) a n d g l u t e l i n ( ex t r ac t ab le i n d i l u t e a lka l i
o r ac id so lu t i ons ) . A l b u m i n + g l o b u l i n levels are h igher i n pea r l m i l l e t t h a n
s o r g h u m . M i l l e t con ta ins f e w e r c ros s - l i nked p r o l a m i n s , w h i c h m a y b e a n
a d d i t i o n a l f ac to r c o n t r i b u t i n g t o h i g h e r d i g e s t i b i l i t y o f pea r l m i l l e t p ro t e in s .
G l u t e n i n t o l e r a n t persons (cel iacs) a l le rg ic t o g l i a d i n , a p r o l a m i n spec i f ic
t o w h e a t a n d s o m e o t h e r c o m m o n grains , c o m p r i s e a p p r o x i m a t e l y 5 0 0 , 0 0 0
p e o p l e i n t h e U n i t e d States o r 1 i n eve ry 5 4 1 p e o p l e (based o n U S Census
B u r e a u r e s i d e n t p o p u l a t i o n e s t i m a t e , 1 9 9 8 ) . S o r g h u m a n d p e a r l m i l l e t are
g l u t e n - f r e e ; h o w e v e r , m o r e i n f o r m a t i o n i s r e q u i r e d t o d e m o n s t r a t e t h a t t h e y
can b e u s e d i n t h e d i e t s o f cel iacs.
C e l i a c disease ( C D ) i s a m a l a b s o r p t i v e d i so rde r , p r e s e n t in g e n e t i c a l l y
p r e d i s p o s e d i n d i v i d u a l s , t h a t i s t h e r e s u l t o f i n g e s t i o n o f g l u t e n p r o t e i n s i n
w h e a t , o r r e l a t e d p r o t e i n s f r o m b a r l e y ( H o r d e u m v u l g a r e ) , r y e , a n d pos s ib ly
oats ( A v e n a s a t i v a ) ( T r i e r 1 9 8 3 , M a r s h 1 9 9 2 , Fe ighe ry 1 9 9 9 ) . E x p o s u r e t o
these p r o t e i n s i n C D p a t i e n t s causes damage t o t h e s m a l l i n t e s t i n e , t h e r e b y
l i m i t i n g t h e a b i l i t y t o absorb n u t r i e n t s , ie , m a l a b s o r p t i o n . S y m p t o m s o f C D
are va r i ab l e i n i n t e n s i t y a n d a l l s y m p t o m s are n o t p re sen t i n a l l p a t i e n t s ( T r i e r
1 9 8 3 , M a r s h 1 9 9 2 , M a k i a n d C o l l i n 1 9 9 7 , Fe ighery 1 9 9 9 ) . S y m p t o m s
i n c l u d e , d i a r rhea , pa le ( o f t e n gray c o l o r e d ) s tools , e n l a r g e d a b d o m e n , p h y s i c a l
w a s t i n g , ano rex i a , v o m i t i n g , anemia , loss o f a p p e t i t e , f a t i gue , i n f e r t i l i t y ,
anx ie ty , dep res s ion , os teoporos i s a n d weakness . T h e p reva l ence has b e e n
e s t i m a t e d a t ~ 1 :5000 i n U S A ; h o w e v e r , a n u m b e r o f researchers f ee l t h a t t h i s
i s t o o l o w a n d t h a t m a n y cases o f C D g o u n d i a g n o s e d ( F a l c h u k 1 9 9 9 ) . S o m e
e s t i m a t e ra tes as h i g h as 1:200 (Fe ighe ry 1 9 9 9 ) .
C D i s a r e a c t i o n t o g l u t e n p r o t e i n s (Kasarda 1 9 8 1 , M a r s h 1 9 9 2 ) . G l u t e n
i s a c o m p l e x m i x t u r e c o m p o s e d p r i m a r i l y o f t w o classes o f t h e w h e a t s torage
p r o t e i n s , g l i ad ins a n d g l u t e n i n s (Kasarda 1 9 8 1 ) . G l i a d i n s are gene ra l ly
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r e c o g n i z e d a s t h e p r i m a r y agent r e spons ib l e f o r t h e d e v e l o p e m e n t o f C D i n
g e n e t i c a l l y p r e d i s p o s e d p e o p l e ( C o r n e l l 1 9 9 6 ) . M o s t o f t h e research i n t o t h e
t o x i c e f fec t s o f g l i ad ins has b e e n d o n e w i t h a f r a c t i o n o f -g l iad ins , c a l l e d
A - g l i a d i n , e i t h e r i n t a c t o r d i g e s t e d i n t o s m a l l p e p t i d e s ( C o r n e l l 1 9 9 6 , S i l ano
a n d D e V i n c e n z i 1 9 9 9 ) . H o w e v e r , a l l classes o f g l i ad ins are r e p o r t e d a s t o x i c
( C o r n e l l 1 9 9 6 , S i l ano a n d D e V i n c e n z i 1 9 9 9 ) .
P ro t e in s f r o m r y e , b a r l e y a n d oats p r o d u c e t o x i c e f fec t s a l t h o u g h oats are
n o t a s m u c h o f a p r o b l e m (Kasa rda 1 9 8 1 , M a r s h 1 9 9 2 ) . R ice a n d m a i z e
p r o t e i n s d o n o t cause t o x i c e f fec t s i n C D p a t i e n t s (Fe ighe ry 1 9 9 9 ) . L i t t l e
w o r k has b e e n d o n e o n C D w i t h e i t h e r s o r g h u m o r p e a r l m i l l e t . S o r g h u m i s
m o r e c lose ly r e l a t e d t o m a i z e , w h i c h has n o t b e e n r e p o r t e d t o cause C D w h e n
c o n s u m e d b y cel iacs . Because m a i z e has been f o u n d t o b e n o n - t o x i c t o C D
p a t i e n t s , i t i s reasonable t o e x p e c t t h a t s o r g h u m w o u l d also b e safe. P r o l a m i n s
f r o m r i c e , m a i z e , s o r g h u m a n d m i l l e t d i d n o t cross r eac t t o m o n o c l o n a l
a n t i b o d i e s t o A - g l i a d i n f r o m w h e a t , i n d i c a t i n g s t r u c t u r a l d i s s i m i l a r i t y (E l l i s e t
a l . 1 9 9 8 ) . U n f o r t u n a t e l y , t h e spec i f ic t y p e o f m i l l e t was n o t i n d i c a t e d . Pearl
m i l l e t i s l i k e l y t o b e n o n - t o x i c ; h o w e v e r , penn i se t i n s , t h e class o f p r o l a m i n s i n
p e a r l m i l l e t , d i f f e r f r o m t h e s o m e w h a t h o m o l o g o u s p r o l a m i n zeins i n m a i z e
a n d k a f i r i n s i n s o r g h u m ( M a r c e l l i n o e t a l . 2 0 0 2 ) . I f s o r g h u m a n d p e a r l m i l l e t
w e r e f o u n d t o b e safe f o r C D , t h e y w o u l d r e p r e s e n t n e w a n d s o m e w h a t n o v e l
f o o d i t e m s t h a t c o u l d b e u s e d f o r C D p a t i e n t s . M o r e c o m p l e t e
c h a r a c t e r i z a t i o n o f s o r g h u m a n d pea r l m i l l e t p r o t e i n s a n d t h e i r f u n c t i o n a l i t y
w o u l d p r o v i d e use fu l i n f o r m a t i o n f o r m a r k e t i n g cel iac f o o d s .
Processing and food product technologies and shelf life
E x t e n s i v e research i n f o r m a t i o n i s avai lable o n t h e p rocess ing a n d p r o d u c t
d e v e l o p m e n t o f s o r g h u m . R o o n e y a n d W a n i s k a ( 2 0 0 0 ) p r o v i d e a n e x c e l l e n t
r e v i e w o f t h e c u r r e n t s ta te o f r esea rch o n s o r g h u m f o r use i n f o o d p r o d u c t s .
T h e i r basic c o n c l u s i o n i s t h a t s o r g h u m can b e u s e d i n s i m i l a r f a sh ion , w i t h
s l i gh t m o d i f i c a t i o n s , a s o t h e r grains i n p r o d u c t i o n o f f o o d p r o d u c t s t h r o u g h
process ing t e c h n o l o g i e s t h a t are c u r r e n t l y ava i lab le . Research a n d t e c h n o l o g i e s
are n o t l i m i t i n g f ac to r s i n t h e p r o d u c t i o n o f these p r o d u c t s . A n d r e w s a n d
K u m a r ( 1 9 9 2 ) also p r e s e n t a s i m i l a r su rvey o f t h e c u r r e n t t e c h n o l o g i e s
ava i lab le f o r use i n p e a r l m i l l e t . Research i s s o m e w h a t l i m i t e d o n t h i s ce rea l
b u t i t c o u l d b e u s e d i n va r ious f o o d p r o d u c t s w i t h a d d i t i o n a l research . Because
b o t h grains w o u l d b e t y p i c a l l y u s e d a s a w h o l e g r a in , t h e r e i s p o t e n t i a l f o r
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s o m e s h e l f l i f e p r o b l e m s , espec ia l ly i n p e a r l m i l l e t (because o f i t s h i g h
p r o p o r t i o n o f g e r m w h i c h i s r i c h i n o i l s ) , t h o u g h w i t h p r o p e r process ing ,
h a n d l i n g a n d storage these s h o u l d be s o m e w h a t i r r e l e v a n t issues.
A p p l i c a t i o n s o f c u r r e n t t e chno log i e s t o t h e p r o d u c t i o n o f h igh -va lue
snacks m a d e f r o m s o r g h u m are c u r r e n t l y u n d e r w a y i n Japan a n d several
s n a c k - f o o d p r o d u c t s are avai lable i n t h e m a r k e t . T e c h n o l o g y i s n o t l i m i t i n g use
o f e i t h e r s o r g h u m o r p e a r l m i l l e t ; i t i s t h e a v a i l a b i l i t y o f a h i g h qua l i t y , r e l i ab le
s u p p l y o f these grains t h a t i s t h e m a j o r l i m i t i n g f a c t o r t o use i n f o o d
p r o d u c t i o n sys tems .
Price structure and commercialization: The current
sorghum market as a case study
G r a i n s o r g h u m m a r k e t i n g f i t s n o o r d i n a r y m a r k e t i n g m o d e l w i t h i n t h e U n i t e d
States . T r a d i t i o n a l l y o n l y 8 t o 9 % o f t h e c r o p carr ies over t o t h e n e x t
m a r k e t i n g year. T h e r e are t w o p r i m a r y reasons f o r t h i s l o w ca r ryover . F i r s t ,
g r a i n s o r g h u m as a c o m m o d i t y m o v e s in a n d o u t of f e ed ing channels as a 
r e p l a c e m e n t f o r m a i z e i n m o s t m a r k e t s d u e t o l o w e r p r i c e . Second , t h e
t r a d i t i o n a l m a r k e t f o r g ra in s o r g h u m i s a r e p l a c e m e n t s t a r ch source m a r k e t .
M a r k e t s f o r s t a rch i n c l u d e b i n d e r s f o r m a k i n g w a l l b o a r d a n d f o r e t h a n o l
p r o d u c t i o n . I n t h e U n i t e d States, one o f t h e fastest g r o w i n g areas o f n e w
u t i l i z a t i o n i s i n t h e p r o d u c t i o n o f e t h a n o l , w h i c h n o w uses a p p r o x i m a t e l y 1 2 %
o f t h e t o t a l s o r g h u m gra in p r o d u c t i o n i n t h e c o u n t r y .
Prices o f s o r g h u m i n c e n t r a l U S A a n d t h e G u l f Coas t o f t e n e q u a l o r
e x c e e d m a i z e p r i c i n g . I n t h e m a j o r s o r g h u m b e l t , large v o l u m e e t h a n o l
c o n s u m e r s a n d p e t f o o d m a n u f a c t u r e r s b o o s t t h e gra in s o r g h u m p r i c e . I n
regions w i t h o u t access t o e i t h e r e t h a n o l o r o t h e r h i g h v o l u m e s t a rch
c o n s u m i n g m a n u f a c t u r e r s , such a s in t h e Texas Panhandle , g ra in s o r g h u m
pr ices f a l l m a n y t i m e s t o 3 0 o r 4 0 cen ts b e l o w ma ize .
T h e r e are n e w v a l u e - a d d e d m a r k e t s d e v e l o p i n g f o r g r a i n s o r g h u m
e x p o r t s . Japan a n d M e x i c o have ra i sed t h e awareness t h a t g r a in s o r g h u m
b e n e f i t s f r o m spec i f i c m a r k e t a b l e t r a i t s . M e x i c o i m p o r t s va r i e t i e s p r e f e r a b l y
h a v i n g h i g h p r o t e i n a n d s t a rch , p r i m a r i l y f o r use i n p o u l t r y p r o d u c t i o n . Japan
has b e g u n t o i m p o r t h i g h q u a l i t y food -g rade ( w h i t e seeded, t a n p l a n t , t a n
g l u m e ) s o r g h u m f o r i t s h i g h p r o t e i n c o n t e n t , c o l o r and f l e x i b i l i t y o f use i n
s n a c k - f o o d sys tems . T h e s e t r a i t s u sua l ly c o n f e r h i g h e r va lue t o s o r g h u m t h a t
t y p i c a l l y b r i n g i n s i g n i f i c a n t l y grea te r m a r k e t p r i ces .
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The challenge to new markets
T r a d i t i o n a l l y , s o r g h u m has b e e n v i e w e d w i t h i n t h e U n i t e d States a s s i m p l y a 
r e p l a c e m e n t f o r m a i z e i n b o t h i n d u s t r i a l u t i l i z a t i o n a n d f e e d . T h o s e t h a t have
w o r k e d t o m o v e s o r g h u m i n t o n e w m a r k e t s have b e e n s t y m i e d b y w h a t can b e
t e r m e d a s ' d e a t h v a l l e y ' ( F i g . 1 ) . F u n d a m e n t a l research o n u n i q u e uses o f
s o r g h u m has t a k e n p lace w i t h i n t h e U n i t e d States f o r several years ( R o o n e y
a n d W a n i s k a 2 0 0 0 ) . B u t , t h e d i f f i c u l t y has b e e n m o v i n g p r o d u c t s f r o m
e x p e r i m e n t a l c o n s i d e r a t i o n t o ac tua l m a r k e t d e v e l o p m e n t . W e have l a c k e d
t h e ' t e c h n o l o g y t r ans f e r b r i d g e ' t o cross ove r o u r resea rch f i n d i n g s i n t o m a r k e t
o p p o r t u n i t i e s ( F i g . 1 ) . T h e n e e d i s f o r t h e f o u n d a t i o n o f t h i s ' b r i d g e ' t o b e
b u i l t s o t h a t p r o d u c t s can m o v e f r o m d e v e l o p m e n t t o p r o d u c t i o n .
I n m a n y w a y s , these are t h e same h u r d l e s t h a t c o u n t r i e s i n t h e
d e v e l o p i n g w o r l d face i n i n t r o d u c i n g n e w f o o d p r o d u c t s t o c o n s u m e r s : I s
t h e r e a d e m a n d ? W h o w i l l m a r k e t i t? W h o w i l l p r o d u c e i t? Is t h e r e a 
Figure 1. Technology bridge that fills the gap between basic research and 
commercialization (Source: Peter Johnsen, USDA-ARS-NCAUR, USA). 
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cons i s t en t s u p p l y o f h i g h - q u a l i t y p r o d u c t ? A n o t h e r t e r m t h a t has b e e n c o i n e d
f o r such a d i l e m m a i s ' t h e c h i c k e n o r t h e egg' s y n d r o m e . T h i s has b e e n one o f
t h e m a j o r s t u m b l i n g b l o c k s t o get s o r g h u m i n t o t h e f o o d m a r k e t i n t h e U n i t e d
States . I n t h e s o r g h u m e x a m p l e , t h e egg c o u l d b e q u a l i f i e d a s supply , w h i l e t h e
c h i c k e n w o u l d b e a n e w c o n s u m e r p r o d u c t .
D r R o o n e y m a y have been one o f t h e f i r s t f o o d researchers i n s o r g h u m i n
t h e U n i t e d States t o r u n i n t o these issues w h e n h e t r i e d g e t t i n g p r i v a t e
i n d u s t r y i n v o l v e d i n f o o d d e v e l o p m e n t u s i n g s o r g h u m . H e h a d d e v e l o p e d t h e
' c h i c k e n ' , a f o o d p r o d u c t , b u t o n l y h a d a l i m i t e d s u p p l y o f t h e 'egg' i n t h i s
case, a h i g h q u a l i t y food -g rade s o r g h u m n e e d e d b y i n d u s t r y t o d e v e l o p t h e
p r o d u c t . W i t h o u t t h e t w o , t h e i n t e r e s t i n a m a r k e t a b l e p r o d u c t was
e f f e c t i v e l y she lved . T h i s has b e e n t h e d i f f i c u l t y i n t r y i n g t o genera te i n t e r e s t i n
f o o d p r o d u c t s m a d e f r o m s o r g h u m .
New market development in pearl millet
I n t r a d i t i o n a l regions , t h e area d e d i c a t e d t o pear l m i l l e t c u l t i v a t i o n i s
decreas ing , a s i s pe r cap i t a c o n s u m p t i o n o f t h e g r a i n . Factors i n f l u e n c i n g these
t r e n d s i n c l u d e t h e s t i g m a o f p o v e r t y associa ted w i t h i t s c o n s u m p t i o n , t i m e
a n d ene rgy r e q u i r e d t o p r e p a r e m i l l e t - b a s e d foods , i n a d e q u a t e i n f r a s t r u c t u r e
f o r storage, m a r k e t i n g , a n d t r a n s p o r t a t i o n , p o o r p rocess ing t e c h n i q u e s ,
c o m p e t i t i o n w i t h a l t e r n a t i v e c rops a n d uses f o r l a n d resources , a n d a v a i l a b i l i t y
o f l o w - c o s t , s u b s i d i z e d a l t e r n a t i v e p r o d u c t s ( F A O 1 9 9 5 , P i o n e t t i 1 9 9 7 ) .
T h e r e d u c t i o n i n acreage p l a n t e d t o m i l l e t i s t o b e e x p e c t e d a s d i e t s are
d i v e r s i f i e d . G i v e n t h e e c o n o m i c a n d s o c i o - c u l t u r a l cons t r a in t s , i t w o u l d b e
na ive t o suggest t h a t ca lo r i c a n d n u t r i e n t needs are b e i n g sa t i s f ied b y c u r r e n t
d i e t s i n m a n y A f r i c a n c o u n t r i e s , b u t t h e o v e r a l l decreas ing d e m a n d f o r p e a r l
m i l l e t suggests t h a t g rea te r d i v e r s i t y i s b e i n g i n t r o d u c e d i n t o d i e t s . T h i s
p h e n o m e n o n m a y r e f l e c t a d e v e l o p i n g t r e n d f o r t h e r o l e o f pea r l m i l l e t
chang ing f r o m a s taple t o a d i e t a r y c o m p o n e n t , w h i c h i s des i rab le f r o m t h e
n u t r i t i o n a l s t a n d p o i n t o f a p o p u l a t i o n .
A l t h o u g h t r a d i t i o n a l m a r k e t s f o r t h e g ra in are s l o w l y e r o d i n g , t h e y w i l l
c o n t i n u e t o p l a y a k e y r o l e i n d e f i n i n g research a n d m a r k e t i n g plans f o r t h e
foreseeable f u t u r e . C o n v e n i e n c e - f o r m u l a t i o n s o f t r a d i t i o n a l p r o d u c t s s h o u l d
f i n d s ign i f i c an t m a r k e t s i n t r a d i t i o n a l areas. T h e size o f t h i s p o r t i o n o f t h e
e t h n i c - f o o d m a r k e t i n t h e U n i t e d States w i l l r e m a i n l i m i t e d . M a n y o f t h e
t r a d i t i o n a l p r o d u c t s s u c h a s p o r r i d g e s , f e r m e n t e d breads a n d o p a q u e beers
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w i l l have o n l y l i m i t e d p e n e t r a t i o n i n t o U S m a r k e t s . Research i n t o
c o n v e n i e n c e f o r m u l a t i o n s o f t r a d i t i o n a l p r o d u c t s s h o u l d b e b a l a n c e d w i t h n e w
p r o d u c t d e v e l o p m e n t f o r n o n - t r a d i t i o n a l r eg ions .
E x p a n d i n g t h e t o t a l m a r k e t share i n t r a d i t i o n a l r eg ions can b e
a c c o m p l i s h e d b y s u b s t i t u t i n g p e a r l m i l l e t f o r w h e a t i n t r a d i t i o n a l w h e a t -
based p r o d u c t s . Pear l m i l l e t f l o u r can s u b s t i t u t e f o r u p t o 1 0 t o 2 0 % o f
w h e a t f l o u r i n ' w h o l e - g r a i n ' b r eads . T h e s u b s t i t u t i o n r a t e i s l i m i t e d b y t h e
e f f e c t s o n p r o d u c t c o l o r a n d l o a f d e n s i t y . C o m p o s i t e f l o u r s c an b e u s e d b u t
are u s u a l l y n o t d e s i r e d . I f c o m p o s i t e f l o u r s are p r o d u c e d , fa ts i n t h e n o n -
w h e a t c o m p o n e n t m a y r e d u c e s h e l f l i f e . S u b s t i t u t i o n s t ra teg ies are a v a l i d
a p p r o a c h t o t e m p o r a r i l y s u p p o r t l o c a l e c o n o m i e s b y i n c r e a s i n g m a r k e t
o u t l e t s f o r a l o c a l l y - p r o d u c e d g r a i n , b u t i t s v a l u e as a l o n g - t e r m s t r a t egy i s
q u e s t i o n a b l e f o r w e l l - e s t a b l i s h e d f o o d p r o d u c t s . A s a m a r k e t i n g s t r a t e g y f o r
t h e U n i t e d Sta tes , s u b s t i t u t i o n o f p e a r l m i l l e t f o r o n e o f t h e m o r e c o m m o n
c o m m o d i t y g ra ins i s u n l i k e l y t o b e success fu l , s ince p r o d u c t q u a l i t y i s o f t e n
i n f e r i o r t o c u r r e n t s t anda rds a n d t h e p r a c t i c e does n o t c o n t r i b u t e t o
s u p p o r t i n g l o c a l e c o n o m i e s .
T o i n t e g r a t e pea r l m i l l e t i n t o t h e U S m a r k e t , n e w p r o d u c t s w i l l b e
r e q u i r e d a n d research s h o u l d focus o n t h e i r d e v e l o p m e n t . Based u p o n
p o p u l a r i t y o f spec i f i c foods i n t h e U n i t e d States , p r o d u c t s t h a t are l i k e l y t o b e
successful m i g h t i n c l u d e p e a r l m i l l e t a s a c o m p o n e n t o f m i x e d w h o l e - g r a i n
breads , c rackers a n d p r e t z e l - l i k e snacks, or use as a r i c e a l t e r n a t i v e . U s e in
t o r t i l l a s , d r y a n d c r e a m e d cereals, a n d as a c o m p o n e n t in spec i a l t y beers
w o u l d b e a s econda ry c o n s i d e r a t i o n . U s e o f p e a r l m i l l e t i n p r o d u c t s s h o u l d b e
h i g h l i g h t e d , a n d a n e f f o r t s h o u l d b e m a d e t o r e d e f i n e i t s r o l e f r o m t h a t o f a 
s tap le c r o p i n subs is tence a g r i c u l t u r e t o t h a t o f a h e a l t h i t e m w i t h s u p e r i o r
n u t r i t i o n a l q u a l i t i e s .
A d o p t i o n o f p e a r l m i l l e t i n t o U S m a r k e t s w i l l r e q u i r e p r o d u c t s t h a t are
f o r m u l a t e d f o r c o n v e n i e n c e a n d tas te . Because o f t h e w i d e s p r e a d p r a c t i c e o f
f o r t i f i c a t i o n , n u t r i t i o n a l q u a l i t i e s a n d h e a l t h b e n e f i t s o f t h e g r a in are a n
advantage f r o m a m a r k e t i n g s t a n d p o i n t , b u t are less c r i t i c a l f r o m a d i e t a r y
s t a n d p o i n t . T h e n o v e l t y o f t h e use o f p e a r l m i l l e t w i l l p e r m i t s o m e e n t r y i n t o
t h e h e a l t h f o o d m a r k e t o f t h e U n i t e d States , b u t e x p a n d e d use i n t h e
p roces sed f o o d i n d u s t r y w i l l d e p e n d u p o n i t s f l a v o r a n d / o r f u n c t i o n a l i t y i n
f o r m u l a t i o n s . U n l e s s p e a r l m i l l e t r ep resen t s a subs t an t i a l c o m p o n e n t o f t h e
d i e t , i t s n u t r i t i o n a l q u a l i t i e s are r e l e v a n t n o t i n c o n t r a s t t o , b u t i n c o n t e x t w i t h
o t h e r d i e t a r y i t e m s .
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Spec i f i c c o m b i n a t i o n s w i t h o t h e r p r o d u c t s s h o u l d b e i d e n t i f i e d t h a t
m a k e p e a r l m i l l e t a des i rab le i n g r e d i e n t i n f o r m u l a t i o n s o r rec ipes . I t s
c o n t r i b u t i o n t o p r o d u c t f l avo r w i l l m o s t l i k e l y b e a r e s u l t o f fac to rs associa ted
w i t h i t s i n h e r e n t l y h i g h levels o f l i p i d s a n d / o r p r o t e i n s i n c o m b i n a t i o n w i t h
o t h e r i n g r e d i e n t s . I t w i l l b e i m p o r t a n t t o d e t e r m i n e t h e q u a l i t y a n d s t a b i l i t y o f
f l a v o r w h e n b l e n d e d w i t h o t h e r grains, mea t s , f r u i t s a n d vegetables i n
c o n v e n i e n c e f o r m u l a t i o n s . A s has b e e n d e m o n s t r a t e d i n t h e s o r g h u m i n d u s t r y ,
p r o d u c t d e v e l o p m e n t i s u n l i k e l y u n t i l f o o d - g r a d e p e a r l m i l l e t b e c o m e s r e a d i l y
a n d c o n s i s t e n t l y avai lable .
Future efforts
N e w f o o d - g r a d e s o r g h u m s a n d spec ia l ty s o r g h u m s are c u r r e n t l y avai lable i n
t h e U S m a r k e t a n d can b e u s e d f o r f o o d a n d f o r t h e n u t r i t i o n a n d h e a l t h f o o d
spec i a l t y m a r k e t s . M a r k e t s i n n o r t h c e n t r a l U S A c u r r e n t l y sell g ra in
s o r g h u m - b a s e d p r o d u c t s w h i l e m a k i n g v e r y s ign i f i can t h e a l t h c l a i m s
a t t r i b u t a b l e t o t h e b e n e f i t s o f w h o l e g ra in s o r g h u m . K e e p i n g i n l i n e w i t h these
research e f f o r t s a n d t h e d e m a n d f o r a t t r i b u t e spec i f ic m a r k e t i n g , N G S P has
u n d e r t a k e n t h e task o f i d e n t i f y i n g and b u i l d i n g n e w m a r k e t s i n t o t h e ' h u m a n
c o n s u m p t i o n ' f o o d c h a i n , spec i a l t y m e d i c a l m a r k e t s , p e t f o o d a p p l i c a t i o n s and
e x p a n d e d a n i m a l f e e d m a r k e t s .
T o f u r t h e r d i f f e r e n t i a t e q u a l i t y g ra in , t h e ' N G S P C e r t i f i e d S o r g h u m '
p r o g r a m was d e v e l o p e d t o p r o v i d e t h e i n f r a s t r u c t u r e necessary t o b u i l d
c o n f i d e n c e in g ra in s o r g h u m as a ' n o n - G M O ' ( gene t i ca l l y m o d i f i e d o r g a n i s m ) ,
g l u t e n - f r e e , i d e n t i t y p r e s e r v e d f o o d source f o r h u m a n c o n s u m p t i o n . I t
p r o v i d e s t r a i t spec i f ic m a r k e t i n g f o r m e d i c i n e a n d f u n c t i o n a l foods u n d e r o u r
' S p e c i a l t y ' l abe l a n d w i l l h e l p f a c i l i t a t e n e w m a r k e t s f o r i n t e r n a l use a n d
e x p o r t t r a d e b y p r o v i d i n g a t r aceab le source f o r g r a i n s o r g h u m u n d e r t h e
' C e r t i f i e d S o r g h u m F o o d ' l a b e l . B y b u i l d i n g t h i s p r o g r a m , N G S P bel ieves i t
w i l l r ees t ab l i sh t h e d i f f e r e n t va r i e t i e s o f g ra in s o r g h u m i n t o n e w a n d e x i s t i n g
g r o w t h o r i e n t e d m a r k e t i n g channels . T h e p r o g r a m does n o t c e r t i f y seed. I t
does, h o w e v e r , p r o v i d e a p p r o v e d va r i e t i e s f o r d e l i v e r y i n t o a p p r o v e d
m a r k e t i n g channe ls . T h i s w i l l a l l o w t h e p r o d u c e r t o sel l h i s o r he r g ra in a n d
have a reasonable e x p e c t a t i o n o f ga in ing a p r o f i t in a n e w or e x p a n d e d m a r k e t .
T h e adven t o f t h e ' N G S P C e r t i f i e d S o r g h u m ' p r o g r a m a n d t h e
d e v e l o p m e n t o f o t h e r va lue - added p rog rams s h o u l d ensure t h e con f idence o f
t h e seed indus t ry , m a r k e t e r s , m a n u f a c t u r e r s and consumers o f g ra in s o r g h u m .
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W e c o n t i n u e t o w o r k o n so lv ing t h e ' q u a n t i t y ' issue a n d w o r k o n r e i n t r o d u c i n g
s o r g h u m t o those i n t h e f o o d m a r k e t w h o w i l l d e v e l o p f o o d p r o d u c t s . W i t h t h e
q u a n t i t y a n d q u a l i t y issues b e i n g reso lved , g ra in s o r g h u m can b e t r a d e d i n t o
m a r k e t s w h e r e spec i f ic f o o d q u a l i t y so rghums are r e q u i r e d . N o w , a n East
A f r i c a n c o u n t r y can r eques t ' f o o d s o r g h u m s ' a n d be assured o f a speci f ic set o f
q u a l i t y charac te r i s t ics a n d an adequa te s u p p l y f o r de l ive ry . T h i s i s h o w research
a n d m a r k e t i n g g ra in s o r g h u m has w o r k e d t o g e t h e r t o c o n s t r u c t t h e ' t e c h n o l o g y
b r i d g e ' t h a t spans t h e gap b e t w e e n research a n d m a r k e t d e v e l o p m e n t .
I n A f r i c a a n d A s i a , s i m i l a r issues h i n d e r t h e d e v e l o p m e n t o f p r o f i t a b l e
s o r g h u m a n d p e a r l m i l l e t p r o d u c t s . F o o d processors i n A f r i c a a n d A s i a face
p r o b l e m s o f l i m i t e d p r o d u c t i o n o f r e l i a b l e , h i g h q u a l i t y s o r g h u m o r pea r l
m i l l e t t h a t are c r i t i c a l t o t h e d e v e l o p m e n t o f n e w f o o d m a r k e t s . T h e n h o w w i l l
A f r i c a a n d A s i a b u i l d t h e necessary f o u n d a t i o n t o ensure t h e ' t e c h n o l o g y
b r i d g e ' does n o t co l l apse a n d p r e v e n t t h e d e v e l o p m e n t o f o t h e r m a r k e t s ?
A serious issue in A f r i c a i s t h a t m a n y c o u n t r i e s lack a d i v e r s i f i e d m a r k e t
t h a t w o u l d h e l p s tab i l ize t h e m a r k e t a n d p r o v i d e a cons i s ten t a n d stable g ra in
p r i c e . W i t h o u t t h e d e v e l o p m e n t o f a l t e rna t ive m a r k e t s , such a s a f eed m a r k e t ,
t h e p r i c e o f s o r g h u m a n d pea r l m i l l e t w i l l c o n t i n u a l l y b e a f f e c t e d b y w i l d p r i c e
f l u c t u a t i o n s t h a t w i l l h i n d e r t h e a b i l i t y o f a f o o d c o m p a n y t o p r o d u c e a p r o d u c t
t h a t i s v i ab le i n t h e m a r k e t . C r e a t i o n o f n e w m a r k e t s o t h e r t h a n f o r h u m a n
c o n s u m p t i o n w i l l p r o v i d e avenues f o r se l l ing t h e c o m m o d i t i e s i n t i m e s w h e n
q u a l i t y is an issue, a n d w i l l h e l p t o s tabi l ize p r i c i n g . D e v e l o p m e n t o f these
m a r k e t s w i l l r e q u i r e storage a n d t r a n s p o r t a t i o n i n f r a s t r u c t u r e t h a t ensures ready
suppl ies o f g ra in . W i t h o u t these basic r e q u i r e m e n t s , d e v e l o p m e n t o f these n e w
f o o d m a r k e t s f o r s o r g h u m o r p e a r l m i l l e t w i l l b e e x t r e m e l y d i f f i c u l t .
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Recent Technologies in Pearl Mi l let and
Sorghum Processing and Food Product
Deve lopment
S Sehgal, A Kawatra and G Singh1
Abstract
Pearl millet and sorghum are highly valuable in semi-arid regions because of 
their short growing season and higher productivity under heat and drought 
conditions. Both pearl millet and sorghum grains are nutritionally comparable 
and even superior to major cereals with respect to protein, energy, vitamins and 
minerals. They are also a rich source of dietary fiber, phytochemicals and 
micronutrients.
In spite of huge production, consumption of sorghum and pearl millet is 
restricted to the poorer section of population. Utilization of pearl millet and 
sorghum can be increased by various processing treatments including blanching, 
malting, dry heating, acid treatment, popping, etc. All these treatments decrease 
the level of antinutrients, improve digestibility and increase shelf life. Pearl millet 
and sorghum can be utilized for development of various food products. These 
include traditional products (porridges, flat breads, chips, bhakr i , suhali, kh ich r i ,
dalia, shakkerpara, etc), baked products, extruded products, health products, 
weaning and supplementary foods. Products developed from processed flour have 
longer shelf life and higher starch and protein digestibility than products prepared 
from unprocessed flour. Utilization of pearl millet and sorghum for novel product 
development will help in diversifying their use which will be beneficial for human 
health and increase profits to farmers. However, there is a need to popularize the 
new products developed from sorghum and pearl millet. 
M i l l e t s are h i g h l y va luab l e sma l l - s eeded c r o p species i n d i g e n o u s t o m a n y areas
o f t h e w o r l d . T h e y can g r o w u n d e r l o w so i l f e r t i l i t y , l o w m o i s t u r e a n d h o t
e n v i r o n m e n t a l c o n d i t i o n s . T h e y are va luab l e i n t h e s e m i - a r i d reg ions because
o f t h e i r s h o r t g r o w i n g season a n d h i g h p r o d u c t i v i t y u n d e r hea t a n d d r o u g h t
c o n d i t i o n s .
M i l l e t g ra ins are n u t r i t i o n a l l y c o m p a r a b l e a n d e v e n s u p e r i o r t o m a j o r
cereals w i t h r e s p e c t t o p r o t e i n , energy, v i t a m i n s a n d m i n e r a l s . Bes ides t h e y
are a r i c h s o u r c e o f d i e t a r y f i b e r , p h y t o c h e m i c a l s a n d m i c r o n u t r i e n t s a n d
h e n c e , t h e y are r i g h t l y t e r m e d a s ' n u t r i - c e r e a l s ' . H o w e v e r , t h e u t i l i z a t i o n o f
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m i l l e t s f o r f o o d i s s t i l l m o s t l y c o n f i n e d t o t h e t r a d i t i o n a l c o n s u m e r s a n d
p o p u l a t i o n o f l o w e r s o c i o e c o n o m i c s t ra ta , p a r t l y d u e t o t h e n o n - a v a i l a b i l i t y
o f t hese gra ins i n r e a d y - t o - u s e o r r e a d y - t o - e a t f o r m s ( M a l l e s h i a n d
D e s i k a c h a r 1 9 8 5 ) .
S o r g h u m (Sorghum bicolor) a n d pea r l m i l l e t (Pennisetum glaucutn) have
a p lace o f p r o m i n e n c e because o f t h e i r w i d e s p r e a d c u l t i v a t i o n i n d i f f e r e n t
par t s o f t h e g lobe a n d large-scale f o o d uses a n d f eed va lue . O t h e r m i l l e t s
g r o w n in I n d i a are f i nge r m i l l e t (Eleusine coracana), f o x t a i l m i l l e t (Setaria 
italica), k o d o m i l l e t (Paspalum scrobiculatum), p ro so m i l l e t ( P a n i c u m
miliaceum), l i t t l e m i l l e t (Panicum miliare) a n d b a r n y a r d m i l l e t (Echinochloa 
frumentacea).
B o t h s o r g h u m a n d p e a r l m i l l e t are i m p o r t a n t cereals i n t h e d i e t o f m a n y
p e o p l e i n A f r i c a a n d I n d i a . S o r g h u m r a n k e d f i f t h w i t h 6 9 . 1 m i l l i o n t t o t a l
p r o d u c t i o n i n 1 9 9 6 . Pearl m i l l e t i s one o f t h e m o s t p o p u l a r c rops i n I n d i a a n d
d u r i n g 1 9 9 9 i t s p r o d u c t i o n was 8.1 m i l l i o n t ( F A O 2 0 0 0 ) .
Structure and physical properties
Pearl m i l l e t g ra in i s a caryops is a n d t h e p e r i c a r p i s c o m p l e t e l y fu sed to t h e
seed. T h e k e r n e l i s c o m p o s e d o f p e r i c a r p , e n d o s p e r m a n d g e r m , w h i c h
c o m p r i s e s 8.4, 7 5 . 1 a n d 1 6 . 5 % o f t o t a l k e r n e l w e i g h t , r e s p e c t i v e l y
( A b d e l r a h m a n e t a l . 1 9 8 4 ) . Pearl m i l l e t has o n e t o t w o layers t h i c k e p i c a r p , a 
m e s o c a r p t h a t varies i n t h i c k n e s s d u e t o gene t i c fac tors a n d a n e n d o c a r p l ayer
t h a t con t a in s cross a n d t u b e cel ls .
Pear l m i l l e t v a r i e t i e s f r o m t h e w o r l d c o l l e c t i o n have m o r e v a r i a t i o n i n
p h y s i c a l c h a r a c t e r i s t i c s t h a n any o t h e r m i l l e t ( M c D o n o u g h a n d R o o n e y
1 9 8 5 ) . K e r n e l c o l o r ranges f r o m w h i t e , gray, y e l l o w , g r e e n t o b l a c k . K e r n e l
shape has f i v e m a j o r classes: o b o v a t e , h e x a g o n a l , l a n c e o l a t e , g l o b u l a r a n d
e l l i p t i c a l .
T h e s o r g h u m k e r n e l i s a n a k e d caryops is a n d consis ts o f t h r e e m a i n
a n a t o m i c a l par t s : p e r i c a r p ( o u t e r l a y e r ) , e n d o s p e r m (s torage t i ssue) a n d g e r m
( e m b r y o ) , w h i c h g e n e r a l l y a c c o u n t f o r 6 , 8 4 a n d 1 0 % o f t h e seed mass,
r e spec t ive ly . S o r g h u m i s t h e o n l y cerea l g r a i n k n o w n t o have s t a r ch i n t h e
m e s o c a r p l ayer o f p e r i c a r p . T h e e n d o s p e r m , c o m p o s e d o f a l eu rone layer,
p e r i p h e r a l , c o r n e o u s a n d f l o u r y areas i s t h e m a i n storage t issue. T h e 1 0 0 0 -
seed mass o f p e a r l m i l l e t va r i e t i e s r anged f r o m 6 .75 t o 8 .76 g whereas t h a t o f
s o r g h u m va r i e t i e s r a n g e d f r o m 19 .0 t o 2 8 . 5 g (Sehgal e t a l . 2 0 0 2 ) .
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Nutrient composition of pearl millet and sorghum
T h e n u t r i e n t c o m p o s i t i o n o f grains i s a f f e c t e d b y b o t h e n v i r o n m e n t a n d
genet ics a n d var ies w i d e l y a m o n g species.
Pearl millet
I n pea r l m i l l e t t h e pe rcen t age o f c r u d e p r o t e i n ranges f r o m 7 .02 t o 1 3 . 6 7 , f a t
f r o m 4 . 0 t o 7 .8 , c r u d e f i b e r f r o m 0.5 t o 4 . 0 a n d ash c o n t e n t f r o m 0 .25 t o 2 . 5 4
as r e p o r t e d i n va r ious a n a l y t i c a l s tud ies (Table 1 ) . Pearl m i l l e t g r a i n b r a n ,
w h i c h rep resen t s a b o u t 8 % o f g r a in i s r i c h i n n o n - p r o t e i n n i t r o g e n ; n o n -
p r o t e i n n i t r o g e n ranges f r o m 3 9 . 0 2 t o 7 3 . 0 m g 1 0 0 g - 1 and t r u e p r o t e i n c o n t e n t
f r o m 9 .9 t o 1 2 . 2 % ( A g g a r w a l 1 9 9 2 ) .
T h e t o t a l q u a n t i t y o f p r o t e i n s a n d t h e i r a m i n o a c i d c o m p o s i t i o n i s
i m p o r t a n t f o r b e t t e r n u t r i t i o n a l q u a l i t y . T h e a m i n o a c i d p r o f i l e o f p e a r l m i l l e t
i s b e t t e r t h a n t h a t o f s o r g h u m a n d m a i z e (Zea mays) a n d i s c o m p a r a b l e to
Table 1. Proximate composition (g 100 g-1) of pearl millet grains.
Moisture
-
-
-
-
-
10.7
-
10.3
-
-
-
7.4 - 8.4
11.30-11.49
11.26-11.37
-
-
-
-
7.13
8.1-9.26
8.78
10.12-13.30
Protein
10.6
10.5-11.1
10.4
-
9.4
15.4
12.7
17.9
-
8.1-13.9
12.3
8.7-10.8
11.3-13.2
12.8-13.1
8.5-15.1
16.9
-
11.4
12.2
10.9-13.3
10.36
8.83-13.67
Fat
-
4.0-6.3
6.0
-
6.5
5.2
4.3
6.7
6.1-7.5
3.4-7.4
5.3
6.0-6.4
7.2-7.8
6.2-7.4
2.7-7.1
5.1
6.2
-
4.5
5.8-7.1
7.63
4.42-6.90
Ash
-
1.5-1.8
1.6
-
2.0
1.7
1.5
1.8
-
1.1-2.4
2.4
-
1.9-2.1
1.9-2.1
1.6-2.4
1.5
-
-
0.25
1.4-2.0
2.03
1.74-2.54
Fiber
-
0.8-1.2
-
1.5
-
-
-
-
-
-
-
-
1.64-1.99
1.74-1.95
2.6-4.0
1.6
-
-
0.54
0.8-1.1
1.26
1.30-2.50
Reference
Andrews (1990)
Saxena et al. (1992)
Aggarwal(1992)
Navita and Sumathi (1992)
Kumar and Chauhan (1993)
Almeida-Dominguez et al. (1993b)
Hadimani and Malleshi (1993)
Serna-Saldivar et al. (1994)
Dalvi (1995)
Hadimani et al. (1995)
Bashay(1996)
Elkhalifa and Singh (1996)
Archana(1997)
Rekha(1997)
Abdalla et al. (1998)
Malleshi and Klopfenstein (1998)
Banger etal. (1999)
Oshodi et al. (1999)
Akubor and Obiegbuna (1999)
Malik (1999)
Poonam (2002)
Sehgal et al. (2002)
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w h e a t ( T r i t i c u m aestivum), b a r l e y (Hordeum vulgare) a n d r i c e ( O r y z a sativa) 
(E je ta e t a l . 1 9 8 7 , H a d i m a n i e t a l . 1 9 9 5 , A b d a l l a e t a l . 1 9 9 8 ) . T h e e n d o s p e r m
p r o t e i n f r a c t i o n o f pea r l m i l l e t con ta in s l o w l eve l o f lys ine ( 1 . 4 g 1 0 0 g - 1
p r o t e i n ) whe rea s t h e g e r m con ta ins 5 .16 g lOOg"1 p r o t e i n . T h e a m i n o a c i d
c o m p o s i t i o n o f p r o t e i n i s also i n f l u e n c e d b y r e l a t i v e a m o u n t o f speci f ic p r o t e i n
class p r e s e n t i n t o t a l p r o t e i n . I t was f o u n d t h a t p r o l a m i n e s a n d g l u t e l i n s
a c c o u n t f o r a b o u t 6 0 % o f t o t a l p r o t e i n . A l b u m i n a n d g l o b u l i n o n a n average
a c c o u n t f o r 1 5 a n d 9 % p r o t e i n , r e spec t ive ly . T h e a l b u m i n a n d g l o b u l i n have
b e e n f o u n d t o b e r i c h i n basic a m i n o acids, ie , l y s ine , a rg in ine , h i s t i d i n e ,
c y s t i n e a n d m e t h i o n i n e . T h e p r o l a m i n e s o f p e a r l m i l l e t are h i g h i n g l u t a m i c
ac id , p r o l i n e a n d l e u c i n e .
C a r b o h y d r a t e i n p e a r l m i l l e t i s c o m p a r a b l e w i t h o t h e r cereals. T o t a l
c a r b o h y d r a t e ranges f r o m 5 9 . 8 t o 7 7 . 3 % ( S a w h n e y a n d N a i k 1 9 6 9 , Rekha
1 9 9 7 ) . S o l u b l e c a r b o h y d r a t e i n pea r l m i l l e t ranges f r o m 1.40 t o 2 . 7 8 % . A b o u t
6 3 % o f so lub le c a r b o h y d r a t e i s sucrose a n d 2 9 % i s ra f f inose . O t h e r
c a r b o h y d r a t e s i n c l u d e s tachyose , g lucose a n d f ruc to se . T o t a l sugar i n pea r l
m i l l e t ranges f r o m 2 .55 t o 2 . 9 3 % , n o n - r e d u c i n g sugar f r o m 2 .15 t o 2 . 5 7 % a n d
r e d u c i n g sugar f r o m 0 . 3 4 t o 0 . 3 9 % (Rekha 1 9 9 7 , P o o n a m 2 0 0 2 ) .
Starch i s t h e ma jo r c o m p o n e n t i n pear l m i l l e t and cons t i tu tes abou t 5 6 - 6 5 %
o f t o t a l ca rbohydra te . W i d e va r ia t ion i n t h e s tarch c o n t e n t ( 5 3 . 0 t o 70 .3%) among
d i f f e r e n t variet ies was also r e c o r d e d by H a d i m a n i e t al . ( 1 9 9 5 ) . Raghuwanshi e t
al . ( 1 9 9 9 ) r e p o r t e d amylose c o n t e n t i n t h e range o f 28 .8 t o 31 .9%.
T h e m i n e r a l c o n t e n t i n p e a r l m i l l e t i s h i g h e r t h a n o t h e r cereals . S o d i u m ,
m a g n e s i u m a n d c o p p e r i n p e a r l m i l l e t are r e p o r t e d t o b e a t par w i t h w h e a t
w h e r e a s p o t a s s i u m , p h o s p h o r u s a n d i r o n are h i g h e r t h a n i n w h e a t . C a l c i u m
c o n t e n t i n p e a r l m i l l e t va r ie t i e s ranges f r o m 10 .0 t o 8 0 . 0 m g 1 0 0 g - 1 a n d
p h o s p h o r u s f r o m 185 t o 9 9 0 m g 1 0 0 g - 1 g r a in . I r o n c o n t e n t i n p e a r l m i l l e t a s
r e p o r t e d i n va r ious s tud ies var ies f r o m 3.0 t o 18 .0 m g 1 0 0 g - 1 (Table 2 ) .
Antinutritional factors 
Pearl m i l l e t has h i g h n u t r i e n t c o n t e n t b u t t h e b i o a v a i l a b i l i t y i s l o w d u e t o t h e
presence o f c e r t a i n a n t i n u t r i t i o n a l f ac to r s . P h y t a t e i s a n a t u r a l l y o c c u r r i n g
organic c o m p o u n d f o u n d i n seeds (seed coa t a n d g e r m ) , r o o t s a n d t u b e r
( M a h g o u b a n d E lhag 1 9 9 8 ) . I t f o r m s i n s o l u b l e o r nea r ly so lub le c o m p o u n d s
w i t h m i n e r a l e l e m e n t s i n c l u d i n g c a l c i u m , i r o n , m a g n e s i u m a n d z inc . M o s t o f
t h e p h o s p h o r u s i n cereals i s r e p o r t e d t o b e p re sen t i n t h e f o r m o f p h y t i c a c i d
w h i c h i s n o t avai lable t o h u m a n s y s t e m . Phy ta te s i n t e r a c t w i t h p r o t e i n
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T a b l e 2 . M i n e r a l c o m p o s i t i o n ( m g 100g - 1 ) o f p e a r l mi l le t g r a i n s .
Phosphorus
185.0-363.0
302
-
290
272-326
-
300.5
355
349.0-376.7
364.0-385.6
450.0-990.0
-
348.40
Calcium
13.0-52.0
51.4
50.0
54.8
27-46
51.4
-
79.0
45.7-50.0
44.5-49.7
10.0-60.0
19.9-22.5
39.60
Iron
4.0-5.83
16.3
18.0
11.8
-
16.3
3.00
-
8.9-9.7
8.9-9.4
7.0-18.0
8.3-9.9
8.16
Zinc Copper Manganese
1.0-6.6 0.6-21.2 0.2-1.8
2.67 1.21 1.53
2.7
4.09
- - -
2.67
- - -
_
2.7-2.9 1.11-1.23 1.16-1.20
2.7-2.8 1.16-1.23 1.16-1.23
5.3-7.0 1.0-1.8 1.8-2.3
2.8-3.2 0.9-1.0
2.85 0.99 1.20
Reference
Jambunathan and Subramanian (1988)
Alpana(1989)
Khetarpaul and Chauhan (1991)
Aggarwal(1992)
Saxenaetal . (1992)
Kumar and Chauhan (1993)
Hadimani and Malleshi (1993)
Serna-Saldivar et al. (1994)
Archana (1997)
Rekha(1997)
Abdal laetal . (1998)
Malik (1999)
Poonam (2002)
r e d u c i n g t h e i r ava i l ab i l i t y . P h y t i c a c i d i n h i b i t s t h e a c t i v i t y o f p ro tease , -
amylase a n d t r y p s i n a n d t h u s r educes s t a r ch u t i l i z a t i o n . P h y t a t e c o n t e n t i n
d i f f e r e n t p e a r l m i l l e t va r i e t i e s a s r e p o r t e d b y va r ious w o r k e r s ranges f r o m 3 5 4
t o 8 5 7 m g 1 0 0 g - 1 ( A g g a r w a l 1 9 9 2 , K u m a r a n d C h a u h a n 1 9 9 3 , Rekha 1 9 9 7 ,
A b d a l l a e t a l . 1 9 9 8 , M a l i k 1 9 9 9 , P o o n a m 2 0 0 2 ) . T h e p h y t a t e l eve l i n p l a n t
m a t e r i a l i s f o u n d t o decrease d u r i n g c e r t a i n f o o d p rocess ing o p e r a t i o n s such a s
m i l l i n g , g e r m i n a t i o n , f e r m e n t a t i o n a n d hea t t r e a t m e n t ( K a d l a g e t a l . 1 9 9 5 ,
C h a t u r v e d i a n d S a r o j i n i 1 9 9 6 , M a h g o u b a n d E lhag 1 9 9 8 ) .
P o l y p h e n o l s o c c u r m o s t l y i n p e r i c a r p o f seed. P o l y p h e n o l s are m a j o r
a n t i n u t r i t i o n a l f ac to r s because t h e y i n h i b i t a c t i v i t i e s o f several h y d r o l y t i c
e n z y m e s s u c h as t r y p s i n , c h y m o t r y p s i n , amylases , cel lulases a n d
galactosidase ( S i n g h 1 9 8 4 ) a n d also f o r m t a n n i n p r o t e i n c o m p l e x e s , t h u s
l i m i t i n g p r o t e i n a n d s t a r c h u t i l i z a t i o n ( T h o m p s o n a n d Y o o n 1 9 8 4 , Pawar a n d
Par l ika r 1 9 9 0 ) . Pheno ls also r e d u c e a v a i l a b i l i t y o f m i n e r a l s a n d v i t a m i n s
( S i n g h a n d N a i n a w a t e e 1 9 9 9 ) . V a r i o u s w o r k e r s r e p o r t e d w i d e v a r i a t i o n i n
c o n c e n t r a t i o n o f p o l y p h e n o l i n p e a r l m i l l e t w h i c h r a n g e d f r o m 2 8 5 t o 7 9 0 m g
1 0 0 g - 1 ( K h e t a r p a u l a n d C h a u h a n 1 9 9 1 , A g g a r w a l 1 9 9 2 , C h a u d h a r y 1 9 9 3 ,
Rekha 1 9 9 7 , M a l i k 1 9 9 9 , P o o n a m 2 0 0 2 ) .
In vitro digestibility 
Pearl m i l l e t has b e e n f o u n d t o have l o w p r o t e i n a n d s t a r c h d i g e s t i b i l i t y w h i c h
i s a t t r i b u t e d t o t h e p resence o f a n t i n u t r i t i o n a l f ac to r s i n g r a i n . P r o t e i n a n d
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s t a r ch d i g e s t i b i l i t y i s i n h i b i t e d b y p o l y p h e n o l and p h y t i c a c i d i n s o l u b l e
c o m p l e x e s w i t h amylase a n d -glucosidase are f o r m e d b y p o l y p h e n o l s , and
p r o t e i n m i n e r a l c o m p l e x e s are f o r m e d b y p h y t i c ac id .
P r o t e i n d i g e s t i b i l i t y i n pea r l m i l l e t var ie t ies ranges f r o m 54 .2 t o 5 9 . 2 %
( A l p a n a 1 9 8 9 , K u m a r a n d C h a u h a n 1 9 9 3 ) . D i f f e r e n t s tudies o n pea r l m i l l e t
have s h o w n t h a t p r o t e i n d i g e s t i b i l i t y ranges f r o m 4 9 . 9 t o 6 1 . 9 % (Rekha 1 9 9 7 ) ,
5 7 . 9 t o 6 0 . 4 % ( M a l i k 1 9 9 9 ) a n d 5 5 . 7 3 % ( P o o n a m 2 0 0 2 ) .
S t a r c h d i g e s t i b i l i t y o f pea r l m i l l e t has b e e n r e p o r t e d t o range f r o m 1 2 t o
18 .7 m g m a l t o s e re leased p e r g a n d was f o u n d t o b e nega t ive ly c o r r e l a t e d w i t h
p h y t i c a c i d c o n t e n t ( A g g a r w a l 1 9 9 2 , A r c h a n a 1 9 9 7 , P o o n a m 2 0 0 2 ) .
Sorghum
S t a r c h i s a m a j o r g r a i n c o m p o n e n t i n s o r g h u m f o l l o w e d b y p r o t e i n . M o s t o f
t h e s o r g h u m s ta rch con ta ins 7 0 - 8 0 % b r a n c h e d a m y l o p e c t i n a n d 2 0 - 3 0 %
a m y l o s e . W a x y o r g l u t i n o u s s o r g h u m var ie t i e s c o n t a i n s t a r ch t h a t i s 1 0 0 %
a m y l o p e c t i n .
C h e m i c a l c o m p o s i t i o n o f s o r g h u m gra in was s t u d i e d b y Bach K n u d s e n
a n d M u n c k ( 1 9 8 5 ) , Rooney e t al . 1 9 8 6 a n d T o r r e s - C e p e d a e t a l . ( 1 9 9 6 ) (Table
3 ) . I n s o r g h u m gra in , a p p r o x i m a t e l y 8 0 % o f t h e p r o t e i n i s i n t h e e n d o s p e r m ,
1 6 % i n t h e g e r m a n d 1 3 % i n t h e p e r i c a r p (Tay lo r a n d Schussler 1 9 8 6 ) . K a f i r i n ,
a n a l c o h o l so lub le p r o t e i n , c o m p r i s e s 5 0 % o r m o r e o f t h e p r o t e i n . K a f i r i n i s
r i c h i n p r o l i n e , aspar t ic ac id a n d g l u t a m i c a c i d a n d con ta in s l i t t l e l y s ine .
S o r g h u m con ta ins h i g h levels o f i n s o l u b l e f i b e r w i t h l o w levels o f (3-
glucans . M o s t o f t h e c r u d e f i b e r i s p re sen t i n t h e p e r i c a r p a n d e n d o s p e r m c e l l
w a l l s . T h e f i b e r i s c o m p o s e d m a i n l y o f ce l lu lose , h e m i c e l l u l o s e a n d s m a l l
q u a n t i t i e s o f l i g n i n . S o m e o f t h e h i g h t a n n i n so rghums have h i g h e r levels o f
d i e t a r y f i b e r because o f c o m p l e x e s b e t w e e n s o r g h u m t a n n i n s a n d p r o t e i n s
( B a c h K n u d s e n a n d M u n c k 1 9 8 5 ) .
Constraints to utilization of pearl millet and sorghum
I n sp i t e o f g rea te r ava i l ab i l i ty , l o w cos t a n d c o m p a r a t i v e l y g o o d n u t r i t i o n a l
va lue , use o f pea r l m i l l e t and s o r g h u m i n f o o d i n d u s t r y i s v e r y l i t t l e . Pearl
m i l l e t has r e m a i n e d a f o o d f o r e c o n o m i c a l l y w e a k e r sect ions ( D e s i k a c h a r
1 9 7 5 ) because o f s o m e c o n s t r a i n t s t h a t l i m i t i t s accep tab i l i t y . T h e m a j o r
c o n s t r a i n t s are gray c o l o r a n d p o o r s h e l f l i f e o f t h e f l o u r . S o r g h u m has f i b r o u s
seed coat , c o l o r e d p i g m e n t a n d cha rac t e r i s t i c a s t r ingen t f lavor .
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R a p i d d e v e l o p m e n t o f r a n c i d i t y a n d b i t t e rness i n t h e f l o u r has been a 
m a j o r p r o b l e m i n t h e a c c e p t a b i l i t y a n d u t i l i z a t i o n o f pea r l m i l l e t f l o u r ( K a c e d e t
a l . 1 9 8 4 ) . Pearl m i l l e t gra in can b e s t o r e d f o r longer pe r iods w i t h o u t subs tan t ia l
q u a l i t y a l t e r a t i o n i f t h e ke rne l s r e m a i n i n t a c t ( K a c e d e t a l . 1 9 8 4 , Kacha re a n d
C h a v a n 1 9 9 2 ) . H o w e v e r , once t h e g ra in i s d e c o r t i c a t e d a n d g r o u n d t h e q u a l i t y
o f f l o u r de t e r io ra t e s r a p i d l y ( V a r r i a n o - M a r s t o n a n d H o s e n e y 1 9 8 3 , R e d d y e t a l .
1 9 8 6 ) . B o t h h y d r o l y t i c a n d o x i d a t i v e changes are r e p o r t e d i n t h e l i p i d s o f t h e
m e a l ( L a i a n d V a r r i a n o - M a r s t o n 1 9 8 0 , V a r r i a n o - M a r s t o n a n d H o s e n e y 1 9 8 3 )
r e s u l t i n g i n release o f f ree f a t t y a c i d a n d f o r m a t i o n o f pe rox ides .
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Table 3. Typical composition of sorghum grain1.
Constituent
Proximate analyses
Protein (%)
Ether extract (%)
Crude fiber (%)
Ash (%)
Nitrogen-free extract (%)
Fiber (%)
Dietary insoluble
Dietary soluble
Acid detergent
Protein fractionation
Prolamine (%)
Glutelins (%)
Albumins (%)
Globulins (%)
Essential amino acids (g 100g-1 protein)
Lysine
Leucine
Phenylalanine
Valine
Tryptophan
Methionine
Threonine
Histidine
Isoleucine
Mean
11.6
3.4
2.7
2.2
79.5
7.2
1.1
3.3
52.7
34.4
5.7
7.1
2.1
14.2
5.1
5.4
1.0
1.0
3.3
2.1
4.1
Range
8.1-16.8
1.4-6.2
0.4-7.3
1.2-7.1
65.3-81.0
6.5-7.9
1.0-1.2
2.9-3.6
39.3-72.9
23.5-45.0
1.6-9.2
1.9-10.3
1.6-2.6
10.2-15.4
3.8-5.5
0-5.8
0.7-1.3
0.8-2.0
2.4-3.7
1.7-2.3
2.9-4.8
Number of samples
1463
1462
1383
1436
1372
2
2
2
5
5
5
5
640
582
582
582
92
582
582
582
582
1. All values are expressed on dry matter basis.
Source: Bach Knudsen and Munck (1985), Rooney et al. (1986).
C h a u h a n e t a l . ( 1 9 8 6 ) suggested t h a t t h e degree o f u n s a t u r a t i o n i n p e a r l
m i l l e t l i p i d s i s o n e o f t h e m a i n fac to rs respons ib le f o r d e v e l o p m e n t o f
r a n c i d i t y i n p e a r l m i l l e t f l o u r . O d o r d e v e l o p e d d u r i n g t h e storage o f pea r l
m i l l e t f l o u r i s p r o b a b l y d u e t o h i g h fa t c o n t e n t , h i g h u n s a t u r a t e d f a t t y acids,
n o n - o c c u r r e n c e o f n a t u r a l a n t i o x i d a n t s a n d h i g h e n z y m a t i c h y d r o l y t i c
a c t i v i t i e s ( H o s e n e y e t a l . 1 9 8 1 , K a c e d e t a l . 1 9 8 4 , R e d d y e t a l . 1 9 8 6 ) . W a t e r
so lub l e p h e n o l i c a n d p e r o x i d a s e a c t i v i t y , c o n c e n t r a t e d m o s t l y i n g e r m f r a c t i o n
o f g r a in a p p e a r e d t o b e r e spons ib l e f o r o d o r g e n e r a t i o n i n s t o r e d pea r l m i l l e t
(Banger e t a l . 1 9 9 9 ) .
A n o t h e r m a j o r c o n s t r a i n t f o r u t i l i z a t i o n o f p e a r l m i l l e t i s gray t o y e l l o w
green c o l o r o f p e a r l m i l l e t f l o u r w h i c h i s n o t p r e f e r r e d b y m a n y c o n s u m e r s
( P a n w a l a n d Pawar 1 9 8 9 ) . Presence o f gray, b r o w n o r g reen ish p i g m e n t s i n
p e a r l m i l l e t l i m i t s i t s use i n b a k e r y p r o d u c t s ( N a i k a r e e t a l . 1 9 8 6 ) . R e m o v a l o f
p i g m e n t s enhances i t s a c c e p t a b i l i t y ( P a n w a l a n d Pawar 1 9 8 9 ) . T h e r e m o v a l o f
b r a n c o n t a i n i n g p i g m e n t s t o o b t a i n w h i t e f l o u r i s t h e m a j o r o b j e c t i v e i n pea r l
m i l l e t p rocess ing ( N a i k a r e e t a l . 1 9 8 6 ) . P h e n o l i c p i g m e n t s are easily r e m o v e d
b y ac id ic s o l u t i o n a n d h i g h t e m p e r a t u r e d u r i n g e x t r a c t i o n process ( M i e a n a n d
M o h a m e d 2 0 0 1 ) .
Processing of grain
V a r i o u s p rocess ing t r e a t m e n t s l i k e m i l l i n g , d e c o r t i c a t i o n , g e r m i n a t i o n ,
m a l t i n g , b l a n c h i n g , f e r m e n t a t i o n a n d p o p p i n g i m p r o v e t h e n u t r i t i o n a l q u a l i t y
a s w e l l a s t h e c o n s u m e r a c c e p t a b i l i t y o f p e a r l m i l l e t a n d s o r g h u m .
E n h a n c e m e n t o f n u t r i t i v e va lue a n d s h e l f l i f e o f pea r l m i l l e t f l o u r depends
u p o n t h e g ra in p rocess ing t e c h n i q u e s .
Pearl millet
Milling
M i l l e t s are n o r m a l l y d e c o r t i c a t e d a n d g r o u n d w i t h m o r t a r a n d pes t l e p r i o r t o
use. M o s t m i l l e t s can b e d e c o r t i c a t e d i n r i c e m i l l s o r o t h e r m o d i f i e d m i l l s .
M i l l e t s are also d e c o r t i c a t e d us ing abrasive d isks i n m e c h a n i c a l d e h u l l e r s a n d
g r o u n d i n t o f l o u r i n h a m m e r m i l l s . Pearl m i l l e t w i t h t h i c k p e r i c a r p i s m o r e
easi ly d e c o r t i c a t e d t h a n t hose w i t h t h i n p e r i c a r p . Pearl m i l l e t has a t e n d e n c y
t o b e c o m e r a n c i d a f te r b e i n g g r o u n d i n t o f l ou r . A n e f f e c t i v e m i l l i n g o p e r a t i o n
s h o u l d b e ab le t o r e m o v e m o s t o f t h e g e r m t o increase s h e l f l i f e o f t h e f l o u r .
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S t a r c h y i e l d f r o m p e a r l m i l l e t a f t e r w e t m i l l i n g i s r e p o r t e d t o b e
s i g n i f i c a n t l y l o w e r t h a n t h a t o b t a i n e d f r o m m a i z e o r s o r g h u m . D e c o r t i c a t i o n
has b e e n f o u n d t o r e d u c e t h e fa t , f ibe r , ash, c a l c i u m , i r o n , l y s ine a n d
m e t h i o n i n e c o n t e n t , b u t i t i m p r o v e s t h e d i g e s t i b i l i t y o f n u t r i e n t s .
B o o k w a l t e r e t a l . ( 1 9 8 7 ) also r e p o r t e d t h a t b o t h p rocessed ( h e a t e d a t
9 7 ° C f o r 2 m i n ) a n d u n p r o c e s s e d m i l l e t w e r e m i l l e d t o 5 0 % a n d 8 0 %
e x t r a c t i o n f l o u r s . T h e 8 0 % e x t r a c t i o n f l o u r c o n t a i n e d g e r m f r ac t i ons , w h i c h
r e s u l t e d i n m u c h h i g h e r p r o t e i n , l i p i d , t h i a m i n e , r i b o f l a v i n , n i a c i n , i r o n , z inc ,
avai lable ly s ine a n d p r o t e i n e f f i c i e n c y r a t i o t h a n 5 0 % e x t r a c t i o n f l o u r . T h e
d e c o r t i c a t e d grains c o n t a i n f e w e r p h e n o l i c acids t h a n w h o l e ke rne l s . I n v i t r o
p r o t e i n d i g e s t i b i l i t y c o u l d b e i nc reased b y 6 9 . 1 % af te r d e h u l l i n g t h e g ra in
( R a m c h a n d r a e t a l . 1 9 7 8 ) .
G r o u n d m i l l e t s torage s t a b i l i t y i s i m p r o v e d b y d r y m i l l i n g processes t h a t
r e m o v e t h e m a j o r l i p i d c o n t a i n i n g p o r t i o n s o f g r a i n ( ie , t h e g e r m a n d c o v e r i n g
l aye r ) f r o m t h e e n d o s p e r m ( B o o k w a l t e r e t a l . 1 9 8 7 ) . D e c o r t i c a t i o n o f r a w
grains s i g n i f i c a n t l y increases a p p a r e n t p r o t e i n a n d d r y m a t t e r d i g e s t i b i l i t y .
H o w e v e r , d e c o r t i c a t i o n r e s u l t e d i n loss o f p r o t e i n , i n s o l u b l e d i e t a r y f iber , f a t ,
ash, l y s ine a n d o t h e r a m i n o acids (Se rna -Sa ld iva r e t a l . 1 9 9 4 ) . D e b r a n n i n g
reduces t h e p h y t i c a c i d , amylase i n h i b i t o r s a n d p o l y p h e n o l s a n d t h u s increases
t h e d i g e s t i b i l i t y ( S h a r m a a n d K a p o o r 1 9 9 6 , M a l l e s h i a n d K l o p f e n s t e i n 1 9 9 8 ) .
Malting
M a l t i n g he lps t o i m p r o v e t h e a v a i l a b i l i t y o f n u t r i e n t s , sensory a t t r i b u t e s a n d
e x t e n d s t h e s h e l f l i f e . S o r g h u m a n d m i l l e t m a l t s f i n d use as a cerea l base f o r
l o w d i e t a r y b u l k a n d ca lo r i e -dense w e a n i n g f o o d , s u p p l e m e n t a r y foods , h e a l t h
foods a n d also a m y l a s e - r i c h foods .
M a l t i n g o f p e a r l m i l l e t g r a in i s d e s c r i b e d b y C h a t u r v e d i a n d S a r o j i n i
( 1 9 9 6 ) , Rekha ( 1 9 9 7 ) a n d A r c h a n a ( 1 9 9 7 ) . For m a l t i n g , p e a r l m i l l e t grains are
soaked i n 0 . 1 % f o r m a l d e h y d e s o l u t i o n f o r s ix h o u r s . A f t e r t h a t a e r a t i o n i s
d o n e f o r t h r e e h o u r s a n d grains are again s t e e p e d i n f r e sh f o r m a l d e h y d e
s o l u t i o n f o r 1 6 h o u r s . T h e grains are g e r m i n a t e d f o r 12, 2 4 , 3 6 , 4 8 a n d 7 2
h o u r s , d r i e d i n o v e n a n d vege t a t i ve g r o w t h i s r e m o v e d b y abrasive a c t i o n .
M a l t i n g i m p r o v e s t h e g e r m i n a t i o n o f grains i n such a w a y a s t o degrade o r
m o d i f y t h e e n d o s p e r m w i t h m i n i m a l loss i n g r a in w e i g h t . I t also he lps i n
m o b i l i z a t i o n o f seed reserves a n d e l a b o r a t i o n o f t h e a c t i v i t y o f a - a n d
amylase , l i p i d s a n d p ro tease . T h e process r e su l t s i n h i g h e r p r o t e i n e f f i c i e n c y
r a t i o a n d b i o a v a i l a b i l i t y o f m i n e r a l s (Rao 1 9 8 7 ) .
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Table 4 . P rox imate analys is of pearl mil let gra in a n d malt .
Constituent
Moisture (%)
Protein (%)
Lipid (%)
Ash(%)
Lignin (%)
Fiber (%)
Carbohydrate (%)
Tannin (%)
Total phenol (%)
Total oxalate (%)
Soluble oxalate (%)
Phytic acid (%)
Total calcium (mg 100g-1)
Soluble calcium (mg 100g-1)
Source: Opoku et al. (1981).
Grain
10.2
8.6
7.5
4.1
1.3
10.4
53.9
1.6
0.32
0.619
0.502
0.264
20.4
2.4
Malt
4.3
11.8
2.5
3.2
4.4
18.6
48.5
0.83
0.485
0.433
0.068
0.045
16.8
14.12
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M a l t i n g o f grains resu l t s i n i m p r o v e m e n t o f t o t a l p r o t e i n , fa t , ash, c e r t a i n
a m i n o acids, t o t a l sugars a n d B g r o u p v i t a m i n s . M a l t i n g causes s ign i f i can t d r y
m a t t e r loss i n g r a i n a n d i t i s a t t r i b u t e d t o t h e m e t a b o l i c a c t i v i t y and sepa ra t ion
o f v e g e t a t i v e g r o w t h ( C h a t u r v e d i a n d Sa ro j i n i 1 9 9 6 ) . O p o k u e t a l . ( 1 9 8 1 )
ana lyzed t h e p e a r l m i l l e t m a l t a n d r e p o r t e d a r e d u c t i o n o f 57 , 6 6 , 2 1 , 10, 8 2
a n d 1 7 % i n m o i s t u r e , l i p i d , ash, c a r b o h y d r a t e , p h y t i c ac id and t o t a l c a l c i u m ,
r e s p e c t i v e l y a n d also s i g n i f i c a n t increase i n p r o t e i n , l i g n i n , f iber , so lub le
c a l c i u m a n d a l l v i t a m i n s (Table 4 ) .
A f t e r m a l t i n g , p e a r l m i l l e t s t a r c h i s m o r e suscep t ib l e t o amy lo ly s i s t h a n
f o x t a i l m i l l e t s t a r ch . T h e g r a i n i s m a l t e d , m i x e d w i t h l e g u m e f l o u r and o f f e r e d
a s p o r r i d g e t o i n f a n t s . T h e m a l t e n z y m e decreases t h e v i s cos i t y o f foods a n d
i m p r o v e s t h e p a l a t a b i l i t y o f p r o d u c t s f o r c h i l d r e n . Pearl m i l l e t c o m b i n e d w i t h
c o w p e a (Vigna unguiculata) p r o d u c e s accep tab le w e a n i n g foods ( A l m e i d a -
D o m i n g u e z e t a l . 1 9 9 3 b ) .
A b o u t 9 7 % increase i n t h e i n v i t r o s tarch d iges t ib i l i t y , 1 7 % i n p r o t e i n
d i g e s t i b i l i t y and 71 % in t o t a l sugar i s o b t a i n e d by s teep ing pear l m i l l e t in w a t e r
fo r 16 h f o l l o w e d by g e r m i n a t i o n f o r 72 h ( C h a t u r v e d i a n d Saro j in i 1 9 9 6 ) .
M a l t i n g he lps t o decrease t h e s t a rch , p r o t e i n , c r u d e f iber , fa t a n d
p o l y p h e n o l c o n t e n t a n d increases so lub l e p r o t e i n , f ree a m i n o acids a n d
r e d u c i n g sugars (Pawar a n d Pawar 1 9 9 7 ) . M a l t i n g p r o d u c e s h i g h a m o u n t o f
70
Table 5. Effect of hot water b lanching of seeds on c h a n g e s in l ipids of pearl mil let
dur ing s torage .
Treatment
Fat acidity (mg KOH 100g-1 meal)
Unblanched (control)
Blanched at 98± 2°C
10 sec
20 sec
Free fatty acid (%)
Unblanched (control)
Blanched at 98±2°C
10 sec
20 sec
Peroxide value (meq kg-1 oil)
Unblanched (control)
Blanched at 98±2°C
10 sec
20 sec
1. Storage period in days.
Source: Kadlag et al. (1995).
01
13.7
8.7
10.6
0.8
0.6
0.7
1.7
7.1
5.9
5
60.6
9.5
11.7
4.8
2.1
3.1
0.4
3.0
4.9
10
108.0
31.3
30.3
6.5
2.1
2.2
6.0
4.9
3.8
15
147.4
32.5
33.2
8.7
2.7
2.4
3.7
4.8
3.6
20
201.3
4.4
45.6
11.7
3.1
3.6
2.7
3.1
2.8
30
267.6
71.8
80.2
16.8
4.1
4.6
2.1
2.3
2.6
r e d u c i n g sugars a n d h i g h amylase a c t i v i t y ( N i r m a l a e t a l . 2 0 0 0 ) . M a l t i n g f o r 7 2
h has been o b s e r v e d t o decrease t h e p o l y p h e n o l c o n t e n t b y 4 0 . 9 % a n d p h y t i c
a c i d f r o m 5 2 . 8 % a n d increase t h e p r o t e i n d i g e s t i b i l i t y b y 2 6 . 9 % a n d s t a r c h
d i g e s t i b i l i t y b y 1 1 2 . 7 % ( A r c h a n a e t a l . 2 0 0 0 ) .
Blanching
B l a n c h i n g aids i n inc reas ing t h e s h e l f l i f e o f p e a r l m i l l e t . B l a n c h i n g has b e e n
o b s e r v e d t o b e e f f e c t i v e i n r e t a r d i n g e n z y m a t i c a c t i v i t y a n d t h u s i m p r o v e s t h e
s h e l f l i f e o f p e a r l m i l l e t f l o u r w i t h o u t m u c h a l t e r a t i o n i n t h e n u t r i e n t c o n t e n t
( C h a v a n a n d K a c h a r e 1 9 9 4 ) . B l a n c h i n g i s u s u a l l y d o n e b y s t eep ing t h e grains
i n b o i l i n g w a t e r (a t 9 8 ° C ) (1 :5 r a t i o o f seeds t o b o i l i n g w a t e r ) f o r 3 0 sec a n d
d r y i n g a t 5 0 ° C f o r o n e h o u r .
B l a n c h i n g o f seeds a t 9 8 ° C f o r 1 0 sec i n b o i l i n g w a t e r b e f o r e m i l l i n g
e f f e c t i v e l y r e t a r d e d t h e d e v e l o p m e n t o f f a t a c i d i t y i n f l o u r a n d e n h a n c e d s h e l f
l i f e b y 2 5 days ( K a d l a g e t a l . 1 9 9 5 ) (Table 5 ) . Fat a c i d i t y inc reased b y a b o u t
6 - f o l d i n u n t r e a t e d p e a r l m i l l e t f l o u r whe rea s i t r e m a i n e d a l m o s t u n c h a n g e d i n
Table 6. Effect of malting and blanching on polyphenols and phytic acid content of
pearl millet (mg 100g-1 dry matter).
Treatment
Control
Malting (48 h)
Malting (72 h)
Blanching
CD at 5%
Polyphenols
755.04+1.44
449.35±0.41 (-40.49)1
420.53±0.40 (-44.30)
529.85±0.047 (-29.82)
2.40
Phytic acid
858.72±2.22
481.42±1.41 (-43.94)
429.5011.75 (-49.98)
565.58+1.16 (-34.14)
4.96
1. Figures in parentheses indicate percentage over control.
Source: Rekha (1997).
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f l o u r o b t a i n e d f r o m grains b l a n c h e d i n b o i l i n g w a t e r ( 9 8 ° C f o r 3 0 sec)
( C h a v a n a n d K a c h a r e 1 9 9 4 ) . B l a n c h i n g o f pea r l m i l l e t seeds also r e d u c e d
p o l y p h e n o l b y 2 8 % a n d p h y t i c ac id c o n t e n t b y 3 8 % (Table 6 ) . Fat a c i d i t y has
b e e n f o u n d t o r e d u c e s i g n i f i c a n t l y i n b l a n c h e d pear l m i l l e t f l o u r a s c o m p a r e d
t o r a w f l o u r a f te r 2 8 days o f s torage (Rekha 1 9 9 7 ) .
Acid treatment 
G r a y c o l o r o f p e a r l m i l l e t a n d i t s p r o d u c t s i s t h e m a i n reason fo r n o n -
p r e f e r e n c e b y c o n s u m e r s . P i g m e n t s i n p e a r l m i l l e t m a k e t h e p r o d u c t s b i t t e r .
T h e p i g m e n t s g l y c e o s y l v i t e x i n , g l y c o x y l o r i e n t a t i o n a n d a lka l i - l ab i l e f e r u l i c
a c i d are r e spons ib l e f o r n a t u r a l gray c o l o r o f p e r i p h e r a l e n d o s p e r m and are
h i g h l y sens i t ive t o change i n p H .
A c i d t r e a t m e n t he lps t o r e d u c e t h e gray c o l o r a n d t h u s i m p r o v e s
a c c e p t a b i l i t y o f t h e p r o d u c t . V a r i o u s s tudies have r e p o r t e d t h a t soaking o f
pea r l m i l l e t i n ac id ic s o l u t i o n s l i k e sour m i l k a n d t a m a r i n d (Tamarindus 
indica), m a r k e d l y reduces t h e c o l o r o f t h e g r a in . T h e ac id ic s o l u t i o n
pene t r a t e s t h e w h o l e g ra in t h r o u g h areas a r o u n d t h e e m b r y o . D e h u l l e d grains
d e c o l o r i z e fas ter t h a n w h o l e grains because t h e ac id ic s o l u t i o n pene t r a t e s t h e
g ra in faster ( R e i c h e r t and Youngs 1 9 7 9 ) .
D i l u t e h y d r o c h l o r i c a c i d ( H C 1 ) was a m o r e e f f e c t i v e c h e m i c a l t r e a t m e n t
i n r e m o v i n g p i g m e n t s f r o m w h o l e g ra in b e f o r e m i l l i n g a s c o m p a r e d t o c i t r i c
a c i d a n d acet ic ac id ( N a i k a r e e t a l . 1 9 8 6 ) . Soak ing grains in d i l u t e HCl f o r 15
t o 2 4 h reduces a m a j o r p o r t i o n o f these p i g m e n t s a n d t h u s he lps i n t h e
p r o d u c t i o n o f c r e a m y w h i t e grains .
A c i d soak ing of pea r l m i l l e t g ra in (0 .2 N H C 1 ) f o r 6 , 12 , 18 a n d 24 h i s
e f f e c t i v e i n r e d u c i n g t h e p o l y p h e n o l a n d p h y t i c a c i d (Table 7 ) . A c i d t r e a t m e n t
f o r 6 a n d 24 h increases t h e i n v i t r o p r o t e i n d i g e s t i b i l i t y b y 2 9 . 0 a n d 5 9 . 3 % ,
r e s p e c t i v e l y a n d t h e i n v i t r o s t a r ch d i g e s t i b i l i t y b y 3 9 . 7 a n d 8 4 . 6 % ,
r e s p e c t i v e l y (Table 8 ) (Pawar a n d Pa r l ika r 1 9 9 0 , P o o n a m 2 0 0 2 ) . Soak ing o f
g r a i n i n 0 .1 N has b e e n s h o w n t o i m p r o v e t h e g ra in c o l o r o f va r ious va r ie t i e s o f
p e a r l m i l l e t ( R e i c h e r t a n d Youngs 1 9 7 9 ) .
Fat a c i d i t y was f o u n d t o increase b y 1 . 5 - f o l d i n a c i d soaked g ra in f l o u r
d u r i n g s torage a s against 6 - f o l d increase i n u n t r e a t e d a n d d r y h e a t e d g r a i n
f l o u r ( C h a v a n a n d K a c h a r e 1 9 9 4 ) .
Dry heat treatment 
Lipase a c t i v i t y i s t h e m a j o r cause o f spoi lage o f pea r l m i l l e t m e a l , s o i t s
i n a c t i v a t i o n b e f o r e m i l l i n g i s essent ia l . T h e a p p l i c a t i o n o f d r y hea t t o m e a l
e f f e c t i v e l y r e t a rd s t h e l ipase a c t i v i t y a n d m i n i m i z e s l i p i d d e c o m p o s i t i o n
Table 7. Effect of acid on
matter)1.
Treatment
Control
Acid treatment
6 h
12 h 
18 h 
24 h 
P<0.05
1. Data is mean ± SE
the antinutrient content of pearl millet (mg 100g-1 dry
Phytic acid
710.15
411.16 (42.10)
286.20 (59.70)
234.30(67.01)
182.50(74.30)
2.01
of three independent determinations. Figures in
Polyphenol
687.26
450.33 (34.47)
294.93 (57.09)
203.70 (70.36)
153.06(77.73)
1.38
parentheses indicate percentage over control.
Table 8. Effect of acid on the in vitro digestibility of pearl millet1.
Treatment
Control
Acid treatment
6 h
12 h 
18 h 
24 h 
P<0.05
In vitro protein digestibility
(g 100g-1)
55.73
71.93(29.07)
80.40 (44.27)
86.73 (55.62)
88.80 (59.34)
2.04
In vitro starch digestibility
(mg maltose released g-1)
14.03
19.60(39.70)
22.00 (56.80)
24.66 (75.77)
25.90 (84.60)
0.62
1. Data is mean ± SE of three independent determinations on dry matter basis. Figures in parentheses indicate
percentage over control.
Source: Poonam (2002).
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Table 9 . C h a n g e s in fat acidity, f ree fat ty ac ids a n d l ipase act iv i ty of ac id and heat
t reated pear l mil let f lour dur ing s torage 1 .
Treatment
Fat acidity (mg KOH 100g -1)
Control
Acid treatment
Heat treatment
CD at 5%
Free fatty acids (mg 100g-1 fat)
Control
Acid treatment
Heat treatment
CD at 5%
Lipase activity3
Control
Acid treatment
Heat treatment
CD at 5%
02
30.30
35.10
28.00
2.56
282.00
208.00
67.00
3.82
3.69
2.90
0.89
0.05
7
42.40
35.00
30.90
2.17
427.30
210.30
70.00
3.94
5.60
2.93
0.93
0.05
14
58.10
36.20
34.40
1.26
789.00
216.00
75.00
5.99
10.34
3.01
1.00
0.08
21
87.30
38.60
41.20
3.65
942.00
221.00
80.00
6.82
12.35
3.08
1.06
0.09
28
123.70
38.00
50.50
2.56
1115.00
230.30
84.00
5.20
14.61
3.21
1.12
0.07
CD at 5%
3.36
1.82
1.27
4.32
4.27
5.68
0.06
0.06
0.08
1. Data is mean ± SE of three independent determinations.
2. Storage period in days.
3. Enzyme activity (%) on fat (%) basis.
Source: Poonam (2002).
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d u r i n g s torage. Pear l m i l l e t seeds w e r e g iven d r y hea t t r e a t m e n t i n ho t air o v e n
a t 1 0 0 ± 2 ° C f o r d i f f e r e n t t i m e pe r iods , ie , 3 0 , 6 0 , 9 0 a n d 1 2 0 m i n a n d t h e n
c o o l e d t o r o o m t e m p e r a t u r e . Increase i n fa t a c i d i t y a n d free f a t t y acids i n t h e
m e a l o b t a i n e d f r o m h e a t e d p e a r l m i l l e t grains was 3 - t o 4 - f o l d l o w e r t h a n t h e
m e a l f r o m u n h e a t e d g r a in . H e a t i n g o f grains f o r 1 2 0 m i n was m o s t e f f e c t i v e
f o r m a x i m u m r e t a r d a t i o n o f t h e l i p o l y t i c d e c o m p o s i t i o n o f l i p i d s d u r i n g
storage ( K a d l a g e t a l . 1 9 9 5 ) . Fat ac id i ty , f ree f a t t y a c i d and lipase a c t i v i t y was
r e p o r t e d t o decrease s i g n i f i c a n t l y d u r i n g 2 8 days o f s torage i n pea r l m i l l e t
f l o u r g i v e n a c i d ( 1 8 h ) a n d hea t ( 1 2 0 m i n ) t r e a t m e n t (Table 9 ) . A l s o heat
t r e a t m e n t inc reased t h e s h e l f l i f e o f p e a r l m i l l e t f l o u r a s c o m p a r e d t o r a w
f l o u r ( P o o n a m 2 0 0 2 ) .
Popping
P o p p e d g ra in i s a c r u n c h y , p o r o u s a n d p r e c o o k e d p r o d u c t . P o p p i n g i m p r o v e s
tas te a n d f l a v o r and leads t o t h e d e v e l o p m e n t o f p leas ing t e x t u r e . P o p p e d
g r a i n / p r o d u c t f o r m u l a t i o n has v e r y l o w m o i s t u r e , w h i c h he lps i n m i n i m i z i n g
d e t e r i o r a t i o n d u r i n g storage a n d t h u s increases t h e s h e l f l i f e o f p r o d u c t s .
P o p p i n g can be d o n e us ing c o m m o n salt a s h e a t i n g m e d i u m in an o p e n
i r o n p a n (g ra in t o salt i n t h e r a t i o o f 1:10) a t 2 4 0 t o 2 6 0 ° C fo r 1 5 - 2 5 seconds.
Sal t can b e r e m o v e d b y s ieving . P o p p e d s ta rch e x h i b i t e d h i g h e r i n v i t r o
e n z y m e d i g e s t i b i l i t y . M o r e t h a n 5 0 % o f p o p p e d pea r l m i l l e t s t a r ch was
r e p o r t e d t o b e h y d r o l y z e d b y pancrea t i c amylase w i t h i n 120 m i n u t e s
( M u r l i k r i s h n a e t a l . 1 9 8 6 ) .
P o p p i n g i n d i f f e r e n t var ie t i es o f pea r l m i l l e t varies f r o m 52 .3 t o 7 9 . 2 % .
M a x i m u m p o p p i n g percen tage was f o u n d i n H H B - 6 0 a n d m i n i m u m i n H H B -
68 (Sehgal e t a l . 2 0 0 3 ) .
Sorghum
Milling
M o s t t r a d i t i o n a l foods i n A s i a n a n d A f r i c a n c o u n t r i e s are p r o d u c e d f r o m
d e c o r t i c a t e d s o r g h u m w h i c h i s m i l l e d i n t o f l o u r . H i g h l y r e f i n e d s o r g h u m
p r o d u c t s are p r o d u c e d b y abrasive r e m o v a l o f p e r i c a r p f o l l o w e d b y
' d e g e r m i n a t i o n ' a n d p h y s i c a l separa t ion a n d / o r c lass i f ica t ion o f d r y m i l l e d
f r a c t i o n . I n d u s t r i a l s o r g h u m d e c o r t i c a t i o n invo lves t h e use o f m i l l s w i t h
abrasive disks o r c a r b o r u n d u m stones. M e c h a n i c a l d e h u l l i n g i m p r o v e s b o t h
t h e q u a n t i t y and q u a l i t y o f s o r g h u m gr i t s o r f l o u r ( M u n c k 1 9 9 5 ) .
D e c o r t i c a t i o n o f s o r g h u m reduces t h e a m o u n t o f f iber , m i n e r a l s , p r o t e i n s
a n d lys ine . I t r e s u l t e d i n 4 0 % loss o f l y s ine i n m a n u a l s o r g h u m d e c o r t i c a t i o n
( y i e l d = 7 5 - 8 0 % ) a n d 14% loss in m e c h a n i c a l s o r g h u m d e c o r t i c a t i o n ( y i e l d = 
9 0 % ) . N u t r i e n t d i g e s t i b i l i t y o f d e c o r t i c a t e d s o r g h u m i s s l i gh t l y h i g h e r t h a n
t h a t o f w h o l e g ra in , b u t n i t r o g e n r e t e n t i o n a n d p r o t e i n e f f i c i e n c y ra t ios are
cons ide rab ly l o w e r i n d e c o r t i c a t e d g ra in because t h e g e r m f r a c t i o n w i t h t h e
h ighes t a m o u n t o f lys ine i s p a r t i a l l y los t .
D e c o r t i c a t i o n o f b r o w n s o r g h u m s i g n i f i c a n t l y r educes t h e a m o u n t o f
c o n d e n s e d t a n n i n s a n d can o v e r c o m e t h e d e l e t e r i o u s e f f e c t o f t a n n i n s o n t h e
n u t r i t i o n a l v a l u e o f s o r g h u m g r a i n ( M w a s a r u e t a l . 1 9 8 8 ) . T h e d e c o r t i c a t i o n
process r e d u c e d t h e t a n n i n c o n t e n t f r o m 4 .5 t o 0 .2 c a t e c h i n e q u i v a l e n t i n
t h e k e r n e l i n w h i c h 3 7 % o f i t s o r i g i n a l w e i g h t was r e m o v e d ( C h i b b e r e t a l .
1 9 8 0 ) .
D e h u l l i n g i m p r o v e s t h e sensory q u a l i t i e s o f roti ( f l a t , u n l e a v e n e d
b r e a d ) m a d e w i t h s o r g h u m f l o u r a n d also m i n i m i z e s v a r i e t a l d i f f e r e n c e s
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Table 10. Overal l nutr i t ional composi t ion of s o r g h u m flour obta ined by tradit ional
chakki and h a m m e r mill1 .
Const i tuen t 2
Moisture (%)
Protein (%)
Fat (%)
Total carbohydrates (%)
Starch (%)
Soluble sugars (%)
Ash (minerals) (%)
Crude fiber (%)
IVSD (mg maltose g-1 meal per 5 min)
IVPD (mg maltose g-1 meal per 5 min)
Traditional chakki 
7.2
9.8
1.9
79.8
76.7
1.5
1.3
1.6
73.0
82.0
Hammer mill
8.0
10.2
2.3
77.9
74.3
1.8
1.6
1.8
75.0
84.0
1. Data is mean of three determinations.
2. IVSD = In vitro starch digestibility; IVPD = In vitro protein digestibility.
w i t h r e s p e c t t o g r a i n ha rdness , w i t h o u t a f f e c t i n g t h e r o l l i n g a n d k n e a d i n g
q u a l i t i e s o f roti ( V i m a l a e t a l . 1 9 9 6 ) . For m a k i n g a g o o d q u a l i t y s o r g h u m
f l o u r , a 6 0 - m e s h s ieve c o u l d b e u s e d f o r s i ev ing t h e s o r g h u m f l o u r m i l l e d
b y e i t h e r t r a d i t i o n a l chakki m i l l o r h a m m e r m i l l (Table 10 ) ( N a i k a r e
2 0 0 2 ) .
A small -scale u n i t f o r d e h u l l i n g a n d m i l l i n g s o r g h u m was d e v e l o p e d by
r u r a l i n d u s t r i e s i n n o v a t i o n cen t e r i n Bo t swana . T h e m a c h i n e a l lows
progress ive abras ion o f o u t e r layer o f grains t h r o u g h o u t t h e l e n g t h o f t h e ba r re l
( M m a p a t s i e t a l . 1 9 9 4 ) .
Malting
S o r g h u m m a l t i s p r o d u c e d by t r a d i t i o n a l process and on an i n d u s t r i a l basis i n
A f r i c a ( D a i b e r a n d Tay lo r 1 9 9 5 ) a n d I n d i a . D i a s t a t i c a c t i v i t y d e v e l o p e d d u r i n g
m a l t i n g depends o n t e m p e r a t u r e , m o i s t u r e c o n t e n t , d u r a t i o n o f m a l t i n g ,
g e r m i n a t i o n l eve l a n d t ypes o f g ra in used . S o r g h u m m a l t i s h i g h i n -amylase
a n d l o w i n |3-amylase f o r use i n b r e w i n g lager beer. Losses d u r i n g m a l t i n g are
a b o u t 2 0 % . T r a d i t i o n a l and i n d u s t r i a l s o r g h u m m a l t i n g invo lves t h e f o l l o w i n g
steps: (1 ) s t eep ing ( 1 - 3 days) ; (2 ) g e r m i n a t i o n ( 2 - 6 days) ; (3 ) sun d r y i n g ; a n d
(4 ) g r i n d i n g w i t h m o r t a r and pes t le .
N a i k a r e ( 2 0 0 2 ) has d e s c r i b e d s t a n d a r d m a l t i n g p r o c e d u r e f o r t h e
p o p u l a r s o r g h u m v a r i e t y M 3 5 - 1 . M a l t i n g o f s o r g h u m increases p r o t e i n
c o n t e n t , fa t , f iber , m i n e r a l s , i n v i t r o p r o t e i n d i g e s t i b i l i t y ( I V P D ) a n d i n v i t r o
s t a r ch d i g e s t i b i l i t y ( I V S D ) . T h e m a l t i n g process o f g r a i n s o r g h u m has
i m p r o v e d t h e o v e r a l l p h y s i c o - c h e m i c a l a n d n u t r i t i o n a l va lues o f r e s u l t a n t
f l o u r (Table 1 1 ) .
G e r m i n a t i o n reduces e f f ec t o n v i scos i ty o f cereals. F l o u r b e h a v i o r
ind ices o f s o r g h u m a p p r o a c h e d u n i t y w i t h inc reased g e r m i n a t i o n t i m e .
A p p r e c i a b l e -amlase a c t i v i t y was o b t a i n e d 48 h af ter g e r m i n a t i o n .
Parboiling
A g o o d q u a l i t y p a r b o i l e d s o r g h u m c o u l d b e p roces sed b y soak ing t h e grains
f o r 2 4 h i n h o t w a t e r , d r a i n i n g , s t e a m i n g f o r 1 0 m i n i n p ressu re c o o k e r ( 1 5
lbs p s i ) , d r y i n g a n d f i n a l l y g r i n d i n g i n t o f l o u r o r g r i t s . S u c h p r o d u c e was
o p a q u e , h a d l o w c a l o r i e c o n t e n t a n d r e m a i n e d i n g o o d c o n d i t i o n i n
v a c u u m i z e d p a c k ( N a i k a r e 2 0 0 2 ) . T h e y i e l d o f p a r b o i l e d g r i t s (suji) was 8 0 -
8 2 % , w h i l e t h a t o f f i n e f l o u r was 1 8 - 2 0 % w h e n r e s u l t a n t m e a l was s i eved
t h r o u g h 4 0 - m e s h sieve, a n d n o b r a n was o b t a i n e d . N o m i c r o b i a l spoi lage o r a 
p h y s i c a l damage was o b s e r v e d u p t o 6 m o n t h s w h e n p a c k e d i n
p o l y p r o p y l e n e f l e x i b l e bags a f t e r v a c u u m i z a t i o n a n d s t o r e d u n d e r a m b i e n t
c o n d i t i o n s . T h e p a r b o i l e d gra ins can b e u s e d f o r va r i ous snack f o o d i t e m s
espec i a l l y f o r d i a b e t i c p a t i e n t s . T h e f i n e f l o u r o f p a r b o i l e d s o r g h u m can b e
u s e d i n g r u e l p r e p a r a t i o n .
Table 1 1 . Chemica l compos i t ion o f mal ted f lour f r o m three s o r g h u m cult ivars 1 .
Constituent2
Moisture (%)
Protein (%)
Fat (%)
Carbohydrate (%)
Fiber (%)
Minerals (%)
IVPD (mg maltose g -1
meal per 5 min)
IVSD (mg maltose g -1
meal per 5 min)
M 35-1
Unmalted Malted
5.1 5.2
9.6 9.9
1.7 1.2
82.4 82.2
1.4 1.6
1.2 1.5
73 77
84 87
Swati
Unmalted Malted
5.4 5.1
9.4 9.7
1.6 1.0
82.3 82.2
1.6 1.8
1.3 1.6
72 75
80 84
CSH 5 
Unmalted Malted
5.0 5.4
9.0 9.5
1.3 1.0
83.3 82.4
1.8 1.9
1.4 1.7
70 74
80 82
1. Data is mean of three determinations.
2. IVPD = In vitro protein digestibility; IVSD = In vitro starch digestibility.
Source: Naikare (2002).
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Table 12. Character is t ics of p o p p e d grain of four s o r g h u m cul t ivars.
Characteristics
Popping (%)
Expansion volume (pop:grain)
Flake size
Color of popped grains
Organoleptic quality characteristics
Color
Flavor
Taste/crispiness
Overall acceptability
Source: Naikare (2002).
M 35-1
80.0
3.5:1
Big, full
White
White
Good
Good
Good
Local
88.5
4:1
Big, full
White
White
Good
Good
Good
CSH 15
73.5
3:1
Small, full
White
White
Good
Good
Good
Swati
78.0
3.4:1
Big, full
White
White
Good
Good
Good
SE
1.0
CD at 5%
3.0
Popping
T h e g ra in p u f f i n g / p o p p i n g process i s based o n t h e p r i n c i p l e o f heat shock
t r e a t m e n t , w h i c h causes expans ion o f t h e grains w i t h po rous a n d c r u n c h y
t e x t u r e a n d roa s t ed f lavor . A t t h i s t i m e t h e gra in has abou t 1 7 % m o i s t u r e
c o n t e n t . T h e grains are soaked in b r i n e w a t e r f o r abou t 1-2 h p r i o r t o roas t ing .
T h e grains are roas t ed a long w i t h f ine sand i n a n i r o n sk i l l e t a t abou t 2 0 0 -
2 3 0 ° C f o r a b o u t 5 - 7 m i n . T h e grains are p u f f e d q u i c k l y w i t h c r a c k l i n g sound .
S o r g h u m pops can b e m a d e avai lable i n t h e m a r k e t b y v a c u u m packag ing /
n i t r o g e n f l u s h i n g ( N a i k a r e 2 0 0 2 ) . Cha rac t e r i s t i c s o f p o p p e d g ra in o f f o u r
s o r g h u m c u l t i v a r s are p r e s e n t e d in Table 12.
Utilization of pearl millet and sorghum in food products
I n I n d i a p e a r l m i l l e t a n d s o r g h u m are u s e d i n p r e p a r a t i o n o f c o n v e n t i o n a l
f o o d s s u c h as p o r r i d g e , roti or bhakhri ( s t i f f roti), m a d e f r o m e i t h e r
coa r se ly o r f i n e l y g r o u n d f l o u r . B u t t h e m a j o r c o n s t r a i n t i s t h a t t h e f l o u r
b e c o m e s r a n c i d w i t h i n a f e w days a f t e r m i l l i n g . T o o v e r c o m e t h i s p r o b l e m ,
t h e gra ins o f p e a r l m i l l e t a n d s o r g h u m are s u b j e c t e d t o p r o c e s s i n g
t r e a t m e n t s l i k e b l a n c h i n g , m a l t i n g , p o p p i n g a n d d r y hea t t r e a t m e n t b e f o r e
p r o d u c t d e v e l o p m e n t , w h i c h p r o d u c e s a f l o u r w i t h l o n g e r s h e l f l i f e a n d
b e t t e r n u t r i t i o n a l p r o f i l e . T h e p r o d u c t s p r e p a r e d f r o m p r o c e s s e d f l o u r
w e r e f o u n d t o have l o n g e r s h e l f l i f e t h a n t h o s e p r e p a r e d f r o m u n p r o c e s s e d
f l o u r .
Pearl millet products
I n A f r i c a pea r l m i l l e t i s c o n s u m e d , p r i m a r i l y i n t h e f o r m o f t h i c k a n d t h i n
por r idges ( f e r m e n t e d o r u n f e r m e n t e d ) , f l a t breads ( f e r m e n t e d o r
u n f e r m e n t e d ) , s t e a m e d o r b o i l e d c o o k e d p r o d u c t s , snacks, a l coho l i c
beverages, a n d i n c o m p o s i t e f l ou r s fo r b read , cook ies , nood les , e tc .
Traditional products 
Porridges . Porr idges are m a d e i n b o t h As i a a n d A f r i c a us ing var ious m e t h o d s .
I n some p repa ra t ions , t h e f l o u r m a y b e soaked o v e r n i g h t w i t h sour m i l k o r
f e r m e n t e d b r i e f l y , b e f o r e c o o k i n g . I n A f r i c a p o r r i d g e i s p r e p a r e d b y s t eep ing
t h e w h o l e g ra in f o r 2 o r 3 days in w a t e r be fo re i t i s c r u s h e d a n d t h e b r a n
r e m o v e d . A s a r e su l t , seeds g e r m i n a t e w i t h t h e r e s u l t a n t changes i n
e n d o s p e r m a n d g e r m . G e r m i n a t i o n a n d f e r m e n t a t i o n have been s h o w n t o
i m p r o v e t h e n u t r i t i v e va lue t h r o u g h i m p r o v e d p r o t e i n q u a l i t y a n d d i g e s t i b i l i t y
and increased v i t a m i n c o n t e n t (Serna-Sa ld ivar e t a l . 1 9 9 0 ) .
Flat breads. I n m a n y c o u n t r i e s i n As ia a n d A f r i c a , pea r l m i l l e t f l o u r i s u s e d fo r
m a k i n g f l a t , r o u n d e d , u n l e a v e n e d b r ead . T h i s i s b a k e d o n f l a t i r o n over h o t
f i r e . For m a k i n g f e r m e n t e d breads, t h e f l o u r i s f i r s t m i x e d w i t h w a t e r a n d a 
s t a r t e r a n d a l l o w e d t o f e r m e n t f o r 1 2 t o 2 4 h , a n d t h e n c o o k e d a t h i g h
t e m p e r a t u r e o r i n c lay oven .
I n N i g e r i a , pear l m i l l e t i s d r y m i l l e d i n t o f l o u r and m i x e d w i t h w h e a t
f l o u r f o r p r o d u c t i o n o f b r e a d . Chapati p r e p a r e d f r o m pea r l m i l l e t f l o u r
e n r i c h e d w i t h soybean ( G l y c i n e max) f l o u r p r o d u c e d h i g h p r o t e i n e f f i c i e n c y
r a t i o w i t h m i n i m a l t h i cknes s a n d increased p u f f i n g a n d u n i f o r m i t y o f c o l o r and
t e x t u r e . Chapati p r e p a r e d w i t h b l e a c h e d p e a r l m i l l e t has b e t t e r accep tab i l i t y .
O v e r a l l a c c e p t a b i l i t y score o f chapati p r e p a r e d w i t h a c i d - t r e a t e d pea r l m i l l e t
f l o u r a n d h e a t - t r e a t e d p e a r l m i l l e t f l o u r inc reased s i g n i f i c a n t l y a s c o m p a r e d t o
t h a t p r e p a r e d f r o m r a w f l o u r ( P o o n a m 2 0 0 2 ) .
O t h e r products. A t t e m p t s have been m a d e b y m a n y w o r k e r s t o i n c o r p o r a t e
processed pear l m i l l e t f l o u r i n o t h e r t r a d i t i o n a l p r o d u c t s t o i m p r o v e t h e
n u t r i t i v e value and she l f l i f e o f p r o d u c t s a n d also t o r educe t h e cost o f p r o d u c t s .
Rekha ( 1 9 9 7 ) i n c o r p o r a t e d b l a n c h e d a n d m a l t e d pea r l m i l l e t f l o u r i n
var ious t r a d i t i o n a l p r o d u c t s a n d t h e p r o d u c t s w e r e f o u n d t o b e
o r g a n o l e p t i c a l l y accep tab le . A n ear l ie r s t u d y b y C h a u d h a r y ( 1 9 9 3 ) also
i n d i c a t e d t h a t t r a d i t i o n a l p r o d u c t s p r e p a r e d f r o m pear l m i l l e t w e r e n o t o n l y
acceptab le , b u t t h e i r p r o t e i n a n d s ta rch d i g e s t i b i l i t i e s w e r e also be t t e r .
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T h e p r o d u c t s d e v e l o p e d us ing b l a n c h e d and m a l t e d pear l m i l l e t f l o u r
w e r e h i g h l y accep tab le a n d had longer she l f l i f e u p t o 3 m o n t h s . Use o f
p rocessed f l o u r i n c o m p a r i s o n t o r a w f l o u r has been f o u n d t o r educe t h e
a n t i n u t r i e n t s a n d increase t h e d i g e s t i b i l i t y (S ingh 2 0 0 3 ) .
Baked products 
A t t e m p t s have been m a d e b y var ious researchers t o increase t h e c o n s u m p t i o n
o f pea r l m i l l e t f l o u r b y i n c o r p o r a t i n g i t i n va r ious b a k e d p r o d u c t s . M i l l e t f l o u r
i t s e l f i s n o t a g o o d r a w m a t e r i a l f o r b a k i n g i n d u s t r y , since i t does n o t c o n t a i n
g l u t e n a n d f o r m s d o u g h o f p o o r cons i s tency ( H a b e r e t a l . 1 9 8 0 ) . C o o k i e s
m a d e f r o m pear l m i l l e t f l o u r d o n o t spread d u r i n g bak ing ; these have a poo r
t o p g ra in charac te r a n d are also dense a n d c o m p a c t (Bad i and H o s e n e y 1 9 7 6 ) .
H o w e v e r , i f t h e m i l l e t f l o u r i s h y d r a t e d w i t h w a t e r a n d d r i e d and
s u p p l e m e n t e d w i t h 0 . 6 % u n r e f i n e d s o y l e c i t h i n , t h e sp read ing charac ter i s t ics
o f cookies are s i m i l a r t o those o f soft w h e a t f l o u r .
Pearl m i l l e t b i s c u i t h a d b e t t e r a m i n o a c i d c o m p o s i t i o n . T h e r e f o r e , b i s c u i t
p r e p a r e d f r o m c o m b i n e d pear l m i l l e t and c h i c k p e a (Cicer arietinum) h a d
b e t t e r t r u e d i g e s t i b i l i t y and ne t p r o t e i n u t i l i z a t i o n a s c o m p a r e d t o t h a t
p r e p a r e d f r o m f inger m i l l e t a n d ch i ckpea ( G e e r v a n i e t a l . 1 9 9 6 ) .
Var ious t ypes o f b i scu i t s a n d cakes w e r e d e v e l o p e d us ing b l a n c h e d pea r l
m i l l e t f l o u r a n d al l w e r e o r g a n o l e p t i c a l l y acceptab le (Sehgal e t a l . 2 0 0 2 ) .
D i f f e r e n t t ypes o f b i s cu i t s and nankhatai w e r e d e v e l o p e d b y i n c o r p o r a t i n g
d i f f e r e n t levels o f b l a n c h e d a s w e l l a s m a l t e d pear l m i l l e t f l ou r . A l l t h e
p r o d u c t s w e r e i n t h e range o f s l igh t t o m o d e r a t e a c c e p t a b i l i t y a n d t h e
p r o d u c t s s t o r e d w e l l u p t o t h r e e m o n t h s .
Extruded products 
N o o d l e s , maca ron ies and pasta can b e p r e p a r e d f r o m m i l l e t f l o u r (Des ikacha r
1 9 7 5 ) . E x t r u d e d snacks p r e p a r e d w i t h m i l l e t f l o u r m i x e d w i t h e i t h e r r i ce
f l o u r a n d / o r ma ize f l o u r a n d / o r cassava (Manihot esculenta) s t a rch in var ious
p r o p o r t i o n s have acceptab le appearance, co lor , t e x t u r e a n d f l avor ( S i w a w i j
a n d T r a n g w a c h a r a k u l 1 9 9 5 ) . Por r idge p r e p a r e d f r o m e x t r u d e d p e a r l m i l l e t
af ter b l e n d i n g w i t h p r e s s -d r i ed c o w p e a p r o d u c e s h i g h n u t r i t i o n a l q u a l i t y w i t h
i n t e r m e d i a t e consis tency, s m o o t h t e x t u r e , p leasant c o l o r and f l avor ( A l m e i d a -
D o m i n g u e z e t a l . 1993a ) .
I n c l u s i o n o f e x t r u d e d pea r l m i l l e t and s o r g h u m ( 6 0 % each) w i t h roas t ed
m u n g bean (Vigna radiata) ( 3 0 % ) a n d non - f a t d r i e d m i l k ( 1 0 % ) increased t h e
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d i e t a r y f i b e r c o n t e n t u p t o 7.6 t o 1 0 . 1 % . E x t r u s i o n c o o k i n g also e n h a n c e d t h e
i n v i t r o p r o t e i n d i g e s t i b i l i t y o f foods . E x t r u d e d p r o d u c t s have been p r e p a r e d
f r o m b l a n c h e d pea r l m i l l e t f l o u r i n c o m b i n a t i o n w i t h soybean f l o u r o r m u n g
bean f l o u r o r c h i c k p e a f l o u r . T h e d e v e l o p e d pasta was n o t o n l y accep tab le b u t
also h a d h i g h p r o t e i n a n d f i b e r c o n t e n t (Sehgal e t a l . 2 0 0 3 ) .
Supplementary and weaning foods 
G e r m i n a t i o n a n d m a l t i n g increase t h e f o o d va lue o f cereal grains and a d d i t i o n
o f l e g u m e f l o u r a n d v i t a m i n s can p r o d u c e a ba l anced w e a n i n g f o o d ( M a l l e s h i
a n d D e s i k a c h a r 1 9 8 6 ) . W e a n i n g m i x t u r e s p r e p a r e d w i t h 4 5 % p r e c o o k e d p e a r l
m i l l e t f l o u r , s k i m m e d m i l k p o w d e r , g r o u n d n u t (Arachis hypogaea) o i l a n d
sucrose have h i g h n u t r i t i v e va lue a n d a n e f f i c i e n t d i e t f o r t h e t r e a t m e n t o f
p r o t e i n energy m a l n u t r i t i o n ( G u i r o e t a l . 1 9 8 7 ) .
Pearl m i l l e t - b a s e d b a b y f o o d p r e p a r e d f r o m 7 0 % f l o u r , 1 3 % m a l t a n d
1 7 % m i l k p o w d e r i n c r e a s e d d i g e s t i b i l i t y a n d l o w e r e d t h e v i s c o s i t y o f t h e
f o o d s a n d p r o v i d e d a d e q u a t e p r o t e i n a n d ene rgy l e v e l f o r o n e - y e a r - o l d
c h i l d r e n ( B a d i e t a l . 1 9 9 0 ) . E x t r u s i o n o f b a b y f o o d p r e p a r e d f r o m 7 0 % p e a r l
m i l l e t a n d 3 0 % c o w p e a s u p p l i e d 1 7 % o f t h e d a i l y needs o f p r o t e i n , 7 2 %
lys ine a n d 1 1 0 % o f t h r e o n i n e i n t w o - y e a r - o l d c h i l d r e n ( A l m e i d a - D o m i n g u e z
e t a l . 1 9 9 0 ) .
Four t ypes o f s u p p l e m e n t m i x t u r e s u s ing w h o l e w h e a t o r pea r l m i l l e t ,
c h i c k p e a o r m u n g bean, g r o u n d n u t , a m a r a n t h ( A m a r a n t h u s sp) leaves a n d
jaggery ( 4 0 : 1 0 : 1 0 : 1 0 : 4 0 ) w e r e d e v e l o p e d us ing roas t ing a n d m a l t i n g
t e c h n i q u e s a n d a l l t h e p r o d u c t s w e r e o r g a n o l e p t i c a l l y accep tab le ( D a h i y a a n d
K a p o o r 1 9 9 4 ) .
H o m e m a d e w e a n i n g f o o d p r o d u c e d f r o m pea r l m i l l e t c o m b i n e d w i t h
m u n g bean , a m a r a n t h u s a n d jaggery was c o m p a r a b l e t o n u t r i t i v e va lue o f
Cere lac , a c o m m e r c i a l w e a n i n g f o o d i n I n d i a . T h e p r o t e i n e f f i c i e n c y r a t i o
ranged f r o m 2 . 0 4 t o 2 . 1 3 , b io log i ca l va lue f r o m 7 9 . 6 t o 8 0 . 7 , ne t p r o t e i n
u t i l i z a t i o n f r o m 6 6 . 8 t o 6 7 . 9 , n e t p r o t e i n r e t e n t i o n f r o m 2 .13 t o 2 . 7 6 a n d
p r o t e i n r e t e n t i o n e f f i c i e n c y f r o m 3 4 . 1 t o 4 4 . 2 ( G u p t a a n d Sehgal 1 9 9 2 ) .
S ix w e a n i n g m i x t u r e s h a v i n g p e a r l m i l l e t ( r a w / m a l t e d / b l a n c h e d ) ,
c o w p e a o r m u n g bean , s k i m m i l k p o w d e r , sugar a n d ghee ( c l a r i f i e d b u t t e r ) i n
t h e r a t i o 4 5 : 2 5 : 2 5 : 1 5 : 5 h a d h i g h o r g a n o l e p t i c a c c e p t a b i l i t y a n d s t o r e d w e l l u p
t o one m o n t h . W e a n i n g m i x t u r e p r e p a r e d f r o m processed f l o u r was m o r e
acceptab le i n t e r m s o f a l l sensory a t t r i b u t e s a n d h a d inc reased s h e l f l i f e
( A r c h a n a 1 9 9 7 ) .
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Health foods 
Var ious t ypes o f h e a l t h foods can b e p r e p a r e d f r o m pear l m i l l e t a s i t con ta ins
r e l a t i v e l y h i g h e r p r o p o r t i o n o f unava i lab le ca rbohydra tes and t h e release o f
sugar i s s low, m a k i n g i t su i t ab le f o r d i abe t i c persons. S ix recipes o f c o m m o n l y
c o n s u m e d foods ( p e a r l m i l l e t , s o r g h u m , f inger m i l l e t , m u n g bean) w e r e t e s t e d
i n w e s t e r n I n d i a f o r t h e i r g l y c e m i c i n d e x ( G I ) . Recipe based o n pear l m i l l e t
was f o u n d t o have l o w e s t G I ( 5 5 ) a s c o m p a r e d t o o t h e r recipes. T h i s suggests
t h a t presence o f h i g h p h y t i n p h o s p h o r u s c o n t e n t o f pea r l m i l l e t in f luences t h e
g l y c e m i c response ( M a n i e t a l . 1 9 9 3 ) .
Pearl m i l l e t , f enugreek (Trigonella foenum-graecum) seeds and legumes
w e r e u s e d af ter process ing t o f o r m u l a t e t h r e e n u t r i t i o u s d i abe t i c I n d i a n f o o d
p r o d u c t s - dhokla, upma a n d laddu; of these upma h a d l o w e s t GI ( 1 7 . 6 0 ) ,
f o l l o w e d by laddu ( 2 3 . 5 2 ) and dhokla ( 3 4 . 9 6 ) (Pathak e t a l . 2 0 0 0 ) . O t h e r
p r o d u c t s w e r e d e v e l o p e d f o r d i a b e t i c persons af ter i n c o r p o r a t i n g b l e a c h e d
pea r l m i l l e t , f enugreek a n d c h i c k p e a i n d i f f e r e n t p r o p o r t i o n s . Results s h o w e d
t h a t m i n i m u m G I was o b s e r v e d i n pea r l m i l l e t - b a s e d dhokla ( 3 8 ) f o l l o w e d b y
chapati ( 4 8 ) , i n s t an t idli ( 5 2 ) , pasta ( 5 4 ) a n d b i s c u i t ( 5 8 ) . T h e p r o d u c t s had
h i g h f i b e r c o n t e n t a s c o m p a r e d t o c o n t r o l a n d c o u l d b e used fo r d iabe t i cs
( A r c h a n a 2 0 0 2 ) .
Sorghum
In I n d i a , s o r g h u m is t r a d i t i o n a l l y used f o r f o o d p r o d u c t s l i k e roti, bhakri, 
p o r r i d g e , khicheri, p o p p e d g ra in a n d roas ted g ra in .
Traditional foods 
Porridge . S o r g h u m i s u sed e x t e n s i v e l y fo r m a k i n g p o r r i d g e . Couscous i s m a d e
f r o m s o r g h u m a n d m i l l e t i n W e s t A f r i c a ( G a l i b a e t a l . 1987 , 1 9 8 8 ) . I t i s m a d e
b y a g g l o m e r a t i n g f l o u r w i t h wa te r , s t e a m i n g t h e c o v e r e d f lou r , m i x i n g a n d
sizing t h e p a r t i a l l y c o o k e d f l o u r a n d a d d i n g m u c i l a g i n o u s m a t e r i a l d u r i n g f i na l
s t eaming . S o m e t i m e s couscous i s d r i e d and u sed as conven ience f o o d .
Flat bread . Pa rbo i l i ng has b e e n u sed t o p r o d u c e g o o d p r o d u c t s f r o m s o r g h u m
a n d m i l l e t ( Y o u n g e t a l . 1990 , Serna-Sald ivar e t a l . 1 9 9 4 ) . T h e c o o k e d p r o d u c t
has e x c e l l e n t t e x t u r e a n d co lor . Roti m a d e f r o m s o r g h u m has been s h o w n to
be o r g a n o l e p t i c a l l y accep tab le .
Bhakri. S o r g h u m f l o u r has b e e n successful ly used f o r bhakri p r e p a r a t i o n a n d
l o t o f research i s b e i n g c o n d u c t e d f o r increas ing t h e s h e l f l i f e . Bhakri p r e p a r e d
f r o m M 3 5 - 1 s o r g h u m f l o u r w i t h a d d i t i o n o f p h o s p h a t i d e s t a r ch ( 5 % ) o r guar
(Cyamops is tetragonoloba) g u m ( 3 % ) u s i n g s t a n d a r d m e t h o d , t h e n p a c k e d i n
l o w d e n s i t y p o l y e t h y l e n e p o u c h ( 1 5 0 guage) o r p o l y p r o p y l e n e p o u c h o r
l a m i n a t e d p o u c h , h e r m e t i c a l l y sealed a f t e r v a c u u m i z a t i o n a n d s t o r e d u n d e r
a m b i e n t c o n d i t i o n r e m a i n e d i n t h e accep t ab l e c o n d i t i o n f o r a b o u t t w o days
w i t h o u t any sign o f spoi lage o r staleness ( N a i k a r e 2 0 0 2 ) .
Flakes . G o o d q u a l i t y s o r g h u m f lakes can b e p r e p a r e d b y b o i l i n g o r a u t o c l a v i n g
grains f o r 3 0 m i n , t h e n f l a k i n g a n d d r y i n g u p t o 5 . 0 - 6 . 0 % m o i s t u r e c o n t e n t .
T h e f lakes e x h i b i t e d e x c e l l e n t t as te a n d cr i sp iness . T h e f i n i s h e d p r o d u c t s
s t o r e d w e l l u p t o 7 5 days i n v a c u u m i z e d package w i t h o u t spoi lage a n d
breakage ( N a i k a r e 2 0 0 2 ) .
C h i p s . A c c e p t a b l e t o r t i l l a ch ip s can b e p r o d u c e d f r o m b l e n d s c o n t a i n i n g 5 0 %
s o r g h u m a n d 5 0 % m a i z e (Se rna -Sa ld iva r e t a l . 1 9 8 8 ) . F l o u r f r o m w h i t e
s o r g h u m can r ep l ace u p t o 2 0 % o f w h e a t f l o u r f o r t h e p r o d u c t i o n o f t o r t i l l a s
(Tor res e t a l . 1 9 9 3 ) .
Papad. S o r g h u m can be e f f e c t i v e l y u t i l i z e d f o r papad m a k i n g . A g o o d q u a l i t y
papad f r o m m a l t e d s o r g h u m can b e p r e p a r e d b y a d d i t i o n o f 40%) m a l t e d f i n g e r
m i l l e t , w h i c h i m p r o v e s t h e n u t r i t i o n a l v a l u e a n d q u a l i t y o f s o r g h u m papad 
( N a i k a r e 2 0 0 2 ) . V a c u u m packag ing s i g n i f i c a n t l y e x t e n d e d t h e s h e l f l i f e .
Baked products 
S o r g h u m f l o u r does n o t c o n t a i n p r o t e i n s t h a t p r o d u c e v i scoe las t i c g l u t e n a s i n
w h e a t . S o r g h u m a n d w h e a t f l o u r b l e n d s have b e e n u s e d t o p r o d u c e b a k e d
p r o d u c t s i n c l u d i n g yeast l e a v e n e d breads , cakes, m u f f i n s , cook ie s a n d b i s c u i t s
( M o r a d e t a l . 1 9 8 3 , Tor res e t a l . 1 9 9 3 , S u h e n d r o 1 9 9 8 ) . U s u a l l y 5 - 5 0 %
s o r g h u m f l o u r i s s u b s t i t u t e d f o r w h e a t f l o u r .
S o r g h u m f l o u r a t 1 5 % p r o d u c e s accep tab le b reads w i t h o u t a f f e c t i n g t h e
l o a f v o l u m e , c r u s t c o l o r a n d c r u m b t e x t u r e ( I w u o h a e t a l . 1 9 9 7 , Rao a n d Rao
1 9 9 7 ) . S o r g h u m a n d w h e a t c o m p o s i t e f l o u r i n t h e p r o p o r t i o n 5 0 : 5 0 p r o d u c e d
o r g a n o l e p t i c a l l y accep t ab l e b i s c u i t ( O r e w a a n d I l o h 1 9 8 9 , P r i y o l k a r 1 9 8 9 ) .
B l e n d s o f w h e a t , s o r g h u m a n d soy f l o u r a t 6 5 : 3 0 : 5 have b e e n u sed t o
m a k e b r e a d , a n d a t 4 0 : 5 5 : 5 t o m a k e b i s c u i t s . R e p l a c e m e n t o f w h e a t u p t o 2 0 %
w i t h s o r g h u m f l o u r i s a ccep t ab l e f o r b r e a d w h i l e f u r t h e r s u b s t i t u t i o n u p t o
5 5 % b y s o r g h u m f l o u r gave accep t ab l e b i s c u i t . B l e n d o f 70%) s o r g h u m f l o u r
a n d 3 0 % d e t o x i f i e d cassava s t a r c h p r o d u c e d accep t ab l e b r e a d a n d cakes
( O l a t u n j i e t a l . 1 9 8 9 ) . S o r g h u m f l o u r was a d d e d t o w h e a t f l o u r f o r
p r e p a r a t i o n o f b r e a d a n d b i s c u i t ; b r e a d p r e p a r e d w i t h 5 % s o r g h u m a n d 3 0
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p p m c y s t i n e gave accep tab le b r e a d b y s t r a igh t d o u g h m e t h o d . A l s o , h i g h
q u a l i t y b i s c u i t was p r e p a r e d b y a d d i t i o n o f 2 0 % s o r g h u m f l o u r a n d c y s t i n e ( 6 0
p p m 1 0 0 g - 1 f l o u r ) .
Pasta
S o r g h u m w i t h soft t e x t u r e , y e l l o w e n d o s p e r m w i t h w h i t e p e r i c a r p a n d w i t h o u t
p i g m e n t e d tes ta p r o d u c e t h e best pasta p r o d u c t s . N o o d l e s f r o m 1 0 0 % s o r g h u m
f l o u r w e r e n o t equa l i n q u a l i t y t o r i ce noodles b u t t h e y w e r e ed ib l e a n d c o u l d b e
c o o k e d w i t h o u t los ing t h e i r t e x t u r e (Leka l ake 1993 , K u n e t z 1 9 9 7 ) .
Health foods 
H i g h f i b e r c o n t e n t s are v e r y i m p o r t a n t f o r r e d u c i n g g a s t r o - i n t e s t i n a l
p r o b l e m o f d i a b e t i c s . S o r g h u m i s r i c h i n f i b e r a s w e l l a s m i n e r a l c o n t e n t a n d
i n c o r p o r a t i o n o f s o r g h u m i n v a r i o u s p r o d u c t s increases t h e f i b e r c o n t e n t a n d
decreases sugar l e v e l . C o n s u m p t i o n o f w h o l e s o r g h u m rec ipes r e s u l t e d i n
l o w e r g lucose l e v e l , lesser p e a k r i se i n g lucose a n d lesser area u n d e r c u r v e i n
d i a b e t i c s , c o m p a r e d t o d e h u l l e d s o r g h u m a n d w h e a t r ec ipes ( L u k s h m i a n d
V i m a l a 1 9 9 6 ) . V a r i o u s t y p e s o f c o o k i e s a n d b i s c u i t s w e r e p r e p a r e d f o r
d i a b e t i c d i e t s u s i n g m a l t e d a n d u n m a l t e d s o r g h u m f l o u r . C o o k i e s p r e p a r e d
f r o m 4 0 % w h e a t f l o u r b l e n d e d w i t h 6 0 % m a l t e d s o r g h u m f l o u r i n c r e a s e d
f i b e r c o n t e n t a n d ca lo r i e s w h e r e a s b i s c u i t s p r e p a r e d f r o m 4 0 % r e f i n e d f l o u r
b l e n d e d w i t h 6 0 % m a l t e d s o r g h u m f l o u r a n d 8 % b r a n w e r e s u p e r i o r i n t e r m s
o f c o o k i n g q u a l i t y . T h e p r o d u c t s r e m a i n e d a c c e p t a b l e w i t h o u t any s ign o f
spoi lage o r d e v e l o p m e n t o f o f f - f l a v o r o r r a n c i d i t y f o r a b o u t 3 m o n t h s a f t e r
p a c k a g i n g i n v a c u u m i z e d l o w d e n s i t y p o l y e t h y l e n e ( L D P E ) p a c k ( N a i k a r e
2 0 0 2 ) .
Conclusion and recommendations
A l l m i l l e t - b a s e d f o o d p r o d u c t s gene ra l ly have s t r o n g f l avo r a n d a r o m a . These
p r o d u c t s have m o r e n u t r i t i o n a l va lue a n d h e a l t h b e n e f i t s a s c o m p a r e d t o
s i m i l a r p r o d u c t s d e v e l o p e d f r o m m a j o r cereals . M o r e o v e r these v a l u e - a d d e d
p r o d u c t s are n o t avai lable i n t h e m a r k e t . T h e cos t o f m i l l e t - b a s e d v a l u e - a d d e d
p r o d u c t s i s a b o u t 5 0 % less t h a n t h a t o f t r a d i t i o n a l p r o d u c t s . B u t t h e h e a l t h
b e n e f i t s are m o r e a n d c a n n o t b e q u a n t i f i e d .
T h e t e c h n o l o g y o f accep tab le m i l l e t - b a s e d p r o d u c t s can b e t a k e n u p b y
h o u s e w i v e s a t h o u s e h o l d l eve l a s t h e r a w i n g r e d i e n t s are a l ready avai lable in
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t h e i r h o m e s . T h e c o n s u m p t i o n o f these p r o d u c t s w i l l i m p r o v e t h e n u t r i t i o n a l
s ta tus a n d p r o v i d e m a n y h e a l t h b e n e f i t s .
E f f o r t s can b e m a d e t o p o p u l a r i z e m i l l e t - b a s e d l o w - c o s t h i g h p r o t e i n a n d
ene rgy r i c h p r o d u c t s a m o n g p o p u l a t i o n t h r o u g h o n g o i n g n u t r i t i o n a l
i n t e r v e n t i o n p r o g r a m s . D e v e l o p m e n t a n d c o n s u m p t i o n o f s u c h v a l u e - a d d e d
f o o d c l a i m i n g h e a l t h b e n e f i t s c o u l d g o a l o n g w a y i n i m p r o v i n g t h e n u t r i t i o n a l
s ta tus o f t h e p o p u l a t i o n e spec ia l ly t h o s e s u f f e r i n g f r o m p r o t e i n m a l n u t r i t i o n
a n d o t h e r d e f i c i e n c y diseases.
T h e p r e p a r a t i o n a n d p r o d u c t i o n o f s u c h p r o d u c t s a t h o m e a n d
c o m m e r c i a l l e v e l w o u l d i n i t i a t e t h e p r o d u c t i o n u n i t s o n s m a l l scale i n r u r a l
a n d u r b a n areas t o raise t h e i n c o m e l e v e l o f h o u s e w i v e s . T h e m a n u f a c t u r e o f
m i l l e t - b a s e d v a l u e - a d d e d p r o d u c t s w i l l h e l p t o u p g r a d e n o t o n l y t h e h e a l t h
s ta tus b u t also t h e e c o n o m i c s ta tus o f g r o w e r s .
I n d u s t r i a l l inkages f o r d e v e l o p m e n t a n d c o m m e r c i a l i z a t i o n o f these f o o d
p r o d u c t s w i l l secure m a r k e t f o r m i l l e t e spec ia l ly p e a r l m i l l e t a n d s o r g h u m .
T h e d e v e l o p e d v a l u e - a d d e d , b a k e d , s u p p l e m e n t a r y a n d h e a l t h foods i n sp i t e
o f b e i n g i n e x p e n s i v e , a ccep t ab l e a n d n u t r i t i o n a l l y s u p e r i o r are n o t t a k e n u p b y
i n d u s t r i e s f o r c o m m e r c i a l i z a t i o n a s p e o p l e are n o t a w a r e a b o u t t h e p r o d u c t i o n
t e c h n o l o g y a n d h e a l t h b e n e f i t s . T h e r e i s a n e e d t o c rea te awareness a b o u t t h e
t e c h n i c a l k n o w - h o w o f t h e p rocess ing a n d p r o d u c t d e v e l o p m e n t . T h e r e i s
scope f o r c o m m e r c i a l i z a t i o n o f va r i ous p r o d u c t s f r o m h e a l t h a n d cos t p o i n t o f
v i e w .
F u t u r e s t r a t e g i e s
• T h e r e i s a n e e d to p o p u l a r i z e t h e d e v e l o p e d a n d s t a n d a r d i z e d m i l l e t - b a s e d
p r o d u c t s t o c o m m o n masses f o r a d o p t i o n o f t e c h n o l o g y a t h o u s e h o l d l e v e l .
• S o m e s i m p l e p rocess ing t e c h n i q u e s f o r s o r g h u m a n d p e a r l m i l l e t can b e
t a k e n u p a t h o u s e h o l d l e v e l / c o m m e r c i a l l e v e l .
• B l a n c h i n g o f p e a r l m i l l e t g r a i n b e f o r e m i l l i n g a t c o m m e r c i a l l e v e l needs t o
b e t a k e n u p b y m i l l i n g i n d u s t r i e s a s i t w i l l h e l p i n i nc rea s ing t h e s h e l f l i f e o f
t h e f l o u r . A l s o , m i l l i n g i n d u s t r i e s can t a k e u p t h e sale o f p e a r l m i l l e t f l o u r .
• T o re so lve t h e p r o b l e m o f gray c o l o r o f p e a r l m i l l e t f l o u r , b l e a c h i n g process
u s i n g H C 1 o r o t h e r o rgan ic a c i d c o u l d b e i n i t i a t e d a t s m a l l scale.
• I n d u s t r i a l l inkage needs t o b e s t r e n g t h e n e d f o r u p t a k e o f d e v e l o p e d p r o d u c t s
f o r c o m m e r c i a l i z a t i o n . E f f o r t s are r e q u i r e d t o p o p u l a r i z e a n d c o m m e r c i a l i z e
h e a l t h f o o d i n c l u d i n g d i a b e t i c f o o d a n d w e a n i n g f o o d based o n m i l l e t .
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Dynamics of Uti l izat ion, Markets , Trade and
Coalitions: Sorghum and Millets in Asia
P Parthasarathy Rao, AJ Hall and MCS Bantilan1
Abstract
Production and consumption patterns of sorghum and millet in Asia have changed 
significantly in the last decade. While food use is declining, non-food or industrial 
uses are on the increase. This has implications on crop production and marketing 
with the entry of private industry in coarse cereal economies. This paper highlights 
the recent trends in the production, consumption and trade of sorghum and millet 
and spells out the need for a stronger coalition of sector stakeholders as a way of 
developing the non-food market by effectively linking farmers with new sources of 
demand for these crops. 
P r o d u c t i o n a n d c o n s u m p t i o n p a t t e r n s o f s o r g h u m (Sorghum bicolor) a n d
m i l l e t have c h a n g e d s i g n i f i c a n t l y i n A s i a i n t h e last decade a n d t h i s has
i m p o r t a n t i m p l i c a t i o n s f o r ce rea l i m p r o v e m e n t p r o g r a m s , p a r t i c u l a r l y t hose
seek ing t o s u p p o r t t h e l i v e l i h o o d s o f r u r a l h o u s e h o l d s . N o t a b l y , a n inc reas ing
s h i f t f r o m f o o d t o n o n - f o o d uses has m a d e p r i v a t e i n d u s t r y a m u c h m o r e
i m p o r t a n t p l a y e r i n coarse cerea l e c o n o m i e s . I n t h i s paper , r e c e n t t r e n d s i n
t h e p r o d u c t i o n , c o n s u m p t i o n a n d t r a d e o f s o r g h u m a n d m i l l e t s are r e v i e w e d .
T h e i m p l i c a t i o n s f o r i n s t i t u t i o n a l changes associa ted w i t h t h e w a y p u b l i c
research p r o g r a m s m i g h t c o n s t r u c t i v e l y i n t e r a c t w i t h p r i v a t e c o m p a n i e s ,
f a r m e r s a n d i n t e r m e d i a r y o r g a n i z a t i o n such a s n o n - g o v e r n m e n t a l o r g a n i z a t i o n
( N G O ) a n d f a r m e r - o p e r a t e d en t e rp r i s e s s u c h a s associa t ions a n d
c o o p e r a t i v e s are d i scussed .
T h e d i l e m m a e m b o d i e d b y these d e v e l o p m e n t s i s t h a t n o t o n l y t h e r e are
c lear social b e n e f i t s t o b e d e r i v e d f o r a c r o p t h a t i s p r i m a r i l y g r o w n b y s m a l l
f a r m e r s i n m a r g i n a l p r o d u c t i o n e n v i r o n m e n t s b u t also t h e r e i s a n e e d t o
ensure a s m o o t h t r a n s i t i o n f r o m f o o d t o m a r k e t s f o r o t h e r uses. A c o a l i t i o n
a p p r o a c h m i g h t b e a u s e f u l w a y t o s t r e n g t h e n l i n k s b e t w e e n sc ien t i s t s ,
i n d u s t r y a n d f a r m e r s so a s t o n e g o t i a t e a n d genera te t e c h n i c a l a n d
i n s t i t u t i o n a l i n n o v a t i o n s t h a t w i l l f u l f i l l t h e agendas o f a l l s t akeho lde r s . T h i s is
d i scussed i n t h e f i n a l s e c t i o n o f t h i s paper .
1. I C R I S A T , Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, I n d i a .
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2 . T h e F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n o f t h e U n i t e d N a t i o n s ( F A O ) does n o t p u b l i s h
separate data f o r pea r l m i l l e t . For t h i s analysis, area a n d p r o d u c t i o n f o r al l m i l l e t s are
r e p o r t e d . For t h e m a j o r m i l l e t - g r o w i n g c o u n t r i e s i n As ia , pea r l m i l l e t accoun ts f o r 1 0 % o f
t o t a l m i l l e t p r o d u c t i o n . Pear l m i l l e t accoun ts f o r 9 0 % o f m i l l e t p r o d u c t i o n i n Bang ladesh,
5 8 % i n I n d i a , 8 5 % i n M y n a m a r a n d 9 0 % i n Pak is tan ( I C R I S A T a n d F A O 1 9 9 6 ) .
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E v o l v i n g s o r g h u m a n d m i l l e t e c o n o m i e s : a n o v e r v i e w
I n 2 0 0 2 , As ia p r o d u c e d 2 2 % o f t h e w o r l d ' s s o r g h u m and 3 9 % o f t h e w o r l d ' s
m i l l e t 2 . O f a p p r o x i m a t e l y 9 8 7 m i l l i o n t o f cereals p r o d u c e d i n As ia i n 2 0 0 2 ,
s o r g h u m a n d m i l l e t a c c o u n t f o r 11 .7 a n d 12 .6 m i l l i o n t , respect ive ly . S o r g h u m
a n d m i l l e t s are p r i m a r i l y g r o w n i n l o w ra i n fa l l a n d d r o u g h t - p r o n e areas t h a t are
u n s u i t a b l e f o r g r o w i n g o t h e r c rops unless i r r i ga t i on i s avai lab le. P r o d u c t i o n i s
c h a r a c t e r i z e d b y sem i -ex tens i ve s y s t e m u n d e r l o w i n p u t c o n d i t i o n s . I n con t ras t ,
i n d e v e l o p e d c o u n t r i e s i n tens i ve c o m m e r c i a l i z e d p r o d u c t i o n sys tems ex is t w i t h
y ie lds averaging 3 - 5 t h a 1 ; t h e g ra in i s u s e d a n d t r a d e d m a i n l y f o r l i ves tock f e e d .
B o t h s o r g h u m a n d m i l l e t c o n t r i b u t e t o h o u s e h o l d f o o d s e c u r i t y i n s o m e
o f t h e m o s t i n s e c u r e reg ions o f A s i a . H o w e v e r , d u r i n g t h e last t w o decades ,
severa l f a c t o r s are c o n t r i b u t i n g t o a change i n t h e t r a d i t i o n a l r o l e o f t hese
c rops a s f o o d s e c u r i t y c r o p s . F i rs t l y , o n t h e s u p p l y s ide t h e area p l a n t e d t o
t h e s e c rops i s d e c l i n i n g , d u e t o s l o w p r o d u c t i v i t y g r o w t h c o m p a r e d t o
c o m p e t i n g c rops a n d l o w / d e c l i n i n g p r o d u c e r p r i c e . O n t h e d e m a n d s ide , f o o d
use p a r t i c u l a r l y f o r s o r g h u m has d e c l i n e d d u e t o i n c o m e g r o w t h , u r b a n i z a t i o n
a n d change i n tastes a n d p r e f e r e n c e s , f u r t h e r l o w e r i n g t h e p r i ces . B u t
u t i l i z a t i o n p a t t e r n s i n A s i a are i n a d y n a m i c phase. S o r g h u m a n d to lesser
e x t e n t m i l l e t g ra i n are m o v i n g f r o m t h e i r t r a d i t i o n a l use a s a f o o d c r o p t o
a l t e r n a t i v e uses s u c h a s l i v e s t o c k a n d p o u l t r y f e e d , b a k e r y p r o d u c t s [ b l e n d e d
w i t h w h e a t ( T r i t i c u m aestivum)], p o t a b l e a l c o h o l a n d s t a r c h i n d u s t r y . I n n o n -
t r a d i t i o n a l uses, p r i c e c o m p e t i t i o n f r o m c o m p e t i n g c rops l i k e m a i z e (Zea 
mays) i s a n i m p o r t a n t d e t e r m i n a n t o f d e m a n d f o r s o r g h u m a n d m i l l e t . T h e
s t r a w / s t o v e r o f t hese c r o p s , h o w e v e r , c o n t i n u e s t o b e v a l u e d a s a n i m p o r t a n t
sou rce o f f e e d f o r l i v e s t o c k p a r t i c u l a r l y i n areas w h e r e o t h e r f o d d e r sources
are l i m i t e d o r yea r r o u n d f o d d e r supp l i es are n o t ava i lab le .
S o r g h u m a n d m i l l e t research needs t o b e p l a c e d i n t h e c o n t e x t o f c u r r e n t
a n d f u t u r e m a r k e t f o rces t h a t w o u l d have a b e a r i n g o n t h e f u t u r e p r o s p e c t s o f
t h e s e c r o p s i n va r i ous uses. I n severa l n i c h e areas w h e r e o n l y s o r g h u m a n d
m i l l e t can b e g r o w n , t h e y w i l l c o n t i n u e t o p lay a n i m p o r t a n t r o l e a s a f o o d
s e c u r i t y c r o p . B u t e v e n h e r e p r o d u c t i v i t y increases can t r ans la te i n t o h i g h e r
i n c o m e s f o r t h e m a r g i n a l a n d s m a l l f a r m e r s .
Table 1 . S o r g h u m area, p roduct ion a n d yield in major p roduc ing countr ies in As ia ,
t r i enn ium e n d i n g , 2 0 0 0 - 0 2 .
Country/Region
Asia
India
China
Yemen
Pakistan
Saudi Arabia
Thailand
Bangladesh
Syrian Arab Republic
Region
Asia
South Asia
Developing
Developed
World
Source: FAO (2003).
Area
(million ha)
10.0
0.8
0.4
0.4
0.2
0.1
0.001
0.004
11.9
10.4
38.2
4.3
42.4
Production
(million t)
8.0
2.7
0.4
0.2
0.2
0.2
0.001
0.003
11.7
8.3
42.8
14.7
57.5
Yield
(t ha-1)
0.8
3.3
1.0
0.6
1.2
1.5
1.2
0.8
1.0
0.8
1.1
3.4
1.4
Annual growth rate (1980-2002) (%)
Area
-2 .7
-5 .7
. - 2 . 5
-0 .3
3.9
-4 .8
-4 .7
6.0
-2 .9
-2 .7
-0 .2
-2 .4
-0 .4
Production
-1 .6
-4 .1
-0 .5
0.03
7.3
-3 .0
-2 .4
4.4
-2 .3
-1 .6
-0 .2
-1 .8
-0 .7
Yield
1.1
1.7
2.1
0.3
3.2
1.9
2.4
-1 .5
0.7
1.1
-0 .1
0.7
-0 .3
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I n t h e sec t ions t h a t f o l l o w , t h e changes i n t h e p r o d u c t i o n , c o n s u m p t i o n
t r a d e a n d m a r k e t i n g p a t t e r n s f o r s o r g h u m a n d m i l l e t s i n A s i a w i t h p a r t i c u l a r
r e f e r ence t o I n d i a are d iscussed .
Area and production
A s i a accoun t s f o r 11 .8 m i l l i o n t o f s o r g h u m ( t r i e n n i u m e n d i n g 2 0 0 2 ) , w i t h a n
average y i e l d of one t ha -1, e x c e p t C h i n a w h e r e y i e l d s averaged 3.5 t ha -1,
c o m p a r a b l e t o y i e l d s i n d e v e l o p e d c o u n t r i e s . I n d i a i s a m a j o r p r o d u c e r
a c c o u n t i n g f o r 6 8 % o f t o t a l p r o d u c t i o n i n A s i a f o l l o w e d b y C h i n a . S o r g h u m
area a n d p r o d u c t i o n d e c l i n e d i n m a j o r p r o d u c i n g c o u n t r i e s i n A s i a , a n d t h u s a l l
A s i a l e v e l (Table 1 ) . S o r g h u m y i e l d s , h o w e v e r , i nc reased i n a l l c o u n t r i e s
averaging 1 . 1 % annua l g r o w t h b e t w e e n 1 9 8 0 a n d 2 0 0 2 . T h e c r o p i s capable o f
h i g h e r y i e l d s b u t i s c o n s t r a i n e d since i n m a n y c o u n t r i e s l i k e I n d i a , C h i n a a n d
Pakis tan i t i s i nc reas ing ly b e i n g p u s h e d t o m o r e a n d m o r e m a r g i n a l areas
( K e l l e y a n d Par thasa ra thy Rao 1 9 9 3 ) . D e v e l o p e d c o u n t r i e s a c c o u n t f o r o n l y
1 0 % o f t h e t o t a l g l o b a l area u n d e r s o r g h u m b u t a c c o u n t f o r a l m o s t 2 6 % o f
g loba l p r o d u c t i o n .
A s i a p r o d u c e s 1 2 . 6 m i l l i o n t m i l l e t s a n d a s i n t h e case f o r s o r g h u m , I n d i a
a n d C h i n a are t h e m a j o r p r o d u c e r s . U n l i k e s o r g h u m , d e v e l o p i n g c o u n t r i e s
a c c o u n t f o r b u l k o f m i l l e t p r o d u c t i o n . Ave rage y i e l d s are c lose t o one t ha -1 ,
w i t h t h e e x c e p t i o n o f C h i n a , w h e r e y i e l d s are h ighe r . B e t w e e n 1 9 8 0 a n d
2 0 0 2 , a s f o r s o r g h u m , m i l l e t area t o o d e c l i n e d i n a l l c o u n t r i e s i n A s i a . Y i e l d
increases are g e n e r a l l y p o s i t i v e t h u s d a m p e n i n g t h e d e c l i n e i n p r o d u c t i o n
(Table 2 ) .
T h u s , d e s p i t e t e c h n o l o g i c a l change f o r b o t h s o r g h u m a n d m i l l e t , area
u n d e r these c r o p s i s d e c l i n i n g . R e l a t i v e p r o f i t a b i l i t y o f c o m p e t i n g c rops ,
d e c l i n i n g r o l e a s a f o o d c r o p a t t h e aggregate l e v e l , l o w e r m a r k e t p r i ces ,
u r b a n i z a t i o n , i n c o m e g r o w t h a n d change i n tastes a n d p re fe r ences are s o m e o f
t h e f ac to r s e x p l a i n i n g d e c l i n e i n area a n d p r o d u c t i o n .
Table 2. Millet area, production and yield in major producing countries in Asia,
triennium ending, 2000-02.
Country/Region
Asia
India
China
Pakistan
Nepal
Myanmar
Bangladesh
Yemen
Saudi Arabia
Region
Asia
South Asia
Developing
Developed
World
Source: FAO (2003).
Area
(million ha)
12.3
1.2
0.4
0.3
0.2
0.1
0.1
0.01
14.8
13.1
35.1
1.7
36.8
Production
(million t)
9.6
2.1
0.2
0.3
0.2
0.1
0.1
0.01
12.6
10.1
26.0
1.6
27.5
Yield
(t ha1)
0.8
1.8
0.5
1.1
0.7
0.7
0.6
1.2
0.8
0.8
0.7
0.9
0.7
Annual growth rate (1980-2002) (%)
Area
-2.0
-6.2
-1.3
4.3
1.9
-0.5
-0.3
-1.2
-2.3
-1.9
0.2
-4.1
-0.1
Production
0.1
-5.4
-1.2
5.1
1.3
-0.6
1.1
-2.3
-1.4
0.1
0.4
-3.4
0.1
Yield
2.1
0.9
0.1
0.8
-0.6
-0.1
-0.8
3.6
0.9
2.0
0.2
0.8
0.2
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Table 3 . F o o d use (kg capi ta - 1 yr -1) of tota l cerea ls , s o r g h u m a n d mil let in Asia 1 .
Country/Region
As ia
Myanmar
China
Syrian Arab Republic
Bangladesh
Nepal
Thailand
Yemen
Saudi Arabia
Pakistan
India
Region
Asia
South Asia
Developing
Developed
World
Total cereals
1980
192
186
171
168
164
153
148
145
144
140
164
143
157
130
150
2000
215
183
177
179
194
126
164
154
149
159
171
160
162
129
155
Sorghum
1 9 8 0
-
4.5
0.1
-
-
616
12.4
2.3
13.4
5.7
10.7
7.2
0.2
5.3
2000
-
0.9
0.0
-
-
18.3
9.7
1.3
6.6
2.3
5.1
5.0
0.4
4.0
Millet
1980
1.9
4.4
0.6
0.4
7.2
7.8
0.7
1.1
12.2
5.2
9.8
5.8
1.2
4.6
2000
2.9
0.9
0.0
0.4
10.7
3.3
0.5
0.6
9.0
3.0
7.1
4.5
0.4
3.6
1. Domestic availability for food use, ie, domestic production - exports + imports ± stock changes - feed and other
industrial uses.
Source: FAO (2003).
Utilization
Sorghum
T h e r o l e o f s o r g h u m a n d m i l l e t s a s f o o d staples a t t h e aggregate l e v e l has
d e c l i n e d s ince 1 9 8 0 . I n A s i a , s o r g h u m f o r f o o d use c o n t r i b u t e d 5.7 k g
cap i t a - 1 y r - 1 a n d m i l l e t s 5.2 k g capita"1 y r 1 i n 1 9 8 0 . I n 2 0 0 0 , i t d e c l i n e d t o 2.3
kg cap i t a - 1 y r - 1 f o r s o r g h u m a n d 3 kg capita"1 y r 1 f o r m i l l e t s . D u r i n g t h e same
p e r i o d t h e pe r cap i t a a v a i l a b i l i t y o f a l l cereals i n A s i a inc reased m a r g i n a l l y
f r o m 1 6 4 kg cap i t a - 1 y r - 1 to 171 kg cap i t a - 1 y r - 1 (Table 3 ) . Per cap i ta a v a i l a b i l i t y
o f s o r g h u m a n d m i l l e t s d e c l i n e d i n a l l c o u n t r i e s i n c l u d i n g C h i n a , I n d i a a n d
Pakis tan . I n I n d i a , t h e p e r cap i t a a v a i l a b i l i t y o f s o r g h u m r e d u c e d b y m o r e t h a n
h a l f a n d f o r m i l l e t s b y less t h a n o n e - t h i r d . D e s p i t e t h e l o w a n d d e c l i n i n g pe r
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c a p i t a a v a i l a b i l i t y o f s o r g h u m a n d m i l l e t s a t t h e aggregate l e v e l t h e i r
i m p o r t a n c e a s f o o d c r o p s c a n n o t b e u n d e r e s t i m a t e d . For e x a m p l e , i n t h e
I n d i a n states o f G u j a r a t , Rajas than, M a h a r a s h t r a a n d K a r n a t a k a , coarse cereals
a c c o u n t e d f o r 2 0 - 3 0 % o f t h e t o t a l ce rea l c o n s u m p t i o n i n 1 9 9 9 - 2 0 0 0 . For
h o u s e h o l d s b e l o w t h e p o v e r t y l i n e i n these states, coarse cereals a c c o u n t f o r
m o r e t h a n 5 0 % o f t h e t o t a l ce rea l i n t a k e ( C h a n d a n d K u m a r 2 0 0 2 ) .
A d d i t i o n a l l y , f o r m a n y p o o r l i v e s t o c k keepe r s i n t h e m a r g i n a l areas s o r g h u m
s t r a w i s t h e o n l y source o f f e e d f o r b o v i n e s t h r o u g h o u t t h e year ( K e l l e y a n d
Par thasa ra thy Rao 1 9 9 4 , H a l l 2 0 0 0 ) .
T h e I n d i a n g o v e r n m e n t ' s a g r i c u l t u r e a n d f o o d p o l i c y g e a r e d t o w a r d s
r i c e (Oryza sativa) a n d w h e a t p l a y e d a n i m p o r t a n t r o l e i n r e d u c i n g
c o n s u m p t i o n o f coarse ce rea l s . D u e t o s u b s i d i e s o n f a r m i n p u t s ( i r r i g a t i o n ,
e l e c t r i c i t y , f e r t i l i z e r s ) , p r o d u c t i o n o f r i c e a n d w h e a t i n c r e a s e d f a s t e r t h a n
t h e p o p u l a t i o n g r o w t h r a t e . A l s o , s u b s i d i e s o n sale o f r i c e a n d w h e a t
t h r o u g h P u b l i c D i s t r i b u t i o n S y s t e m ( P D S ) f u r t h e r c o n t r i b u t e d t o
r e d u c t i o n i n s o r g h u m a n d m i l l e t c o n s u m p t i o n ( C h a n d a n d K u m a r 2 0 0 2 ) .
D u e t o h i g h t a r i f f s o n e d i b l e o i l i m p o r t s , o i l s e e d s p r o d u c t i o n b e c a m e m o r e
c o m p e t i t i v e r e p l a c i n g s o r g h u m a n d m i l l e t s ( G u l a t i a n d K e l l e y 1 9 9 9 , H a l l
2 0 0 0 ) .
Bes ides i t s t r a d i t i o n a l use a s f o o d g r a i n c r o p in A s i a , s o r g h u m i s u s e d a s
f e e d g r a i n i n C h i n a , T h a i l a n d , Japan a n d S o u t h K o r e a , f o r l i q u o r p r o d u c t i o n
i n C h i n a a n d a s a g r e e n f o d d e r c r o p i n I n d i a , P a k i s t a n a n d C h i n a . I n r e c e n t
years i t s use a s f e e d g r a i n a n d to a l i m i t e d e x t e n t o t h e r n o n - f o o d uses i s
i n c r e a s i n g i n c o u n t r i e s w h e r e i t i s t r a d i t i o n a l l y u s e d a s a f o o d c r o p (Tab le 4 ) .
I n A s i a , 3 5 % o f s o r g h u m g r a i n i s u s e d a s l i v e s t o c k f e e d a n d o t h e r i n d u s t r i a l
uses; 5 8 % i s u s e d i n C h i n a a n d 8 - 1 0 % i n I n d i a a n d P a k i s t a n . I n a s t u d y o n
i n d u s t r i a l uses o f s o r g h u m i n I n d i a , i t i s p r o j e c t e d t h a t 2 .5 t o 4 .3 m i l l i o n t o f
s o r g h u m w i l l b e u s e d i n i n d u s t r i a l uses b y 2 0 1 0 , i e , t h r e e - t o f o u r - f o l d
inc rease f r o m i t s c u r r e n t usage l eve l s i n 1 9 9 8 . P o u l t r y f e e d w i l l a c c o u n t f o r
b u l k o f t h e use f o l l o w e d b y d a i r y f e e d , a l c o h o l p r o d u c t i o n a n d s t a r c h
p r o d u c t i o n ( K l e i h e t a l . 2 0 0 0 ) .
W i t h e x p a n d i n g d a i r y a n d m e a t i n d u s t r y d u e t o r i s i n g d e m a n d f o r
l i v e s t o c k p r o d u c t s ( R y a n a n d Spence r 2 0 0 2 ) , forage s o r g h u m has b e c o m e
i m p o r t a n t i n m a n y A s i a n c o u n t r i e s . I t i s i nc rea s ing ly b e i n g g r o w n b o t h u n d e r
i r r i g a t e d a n d d r y l a n d c o n d i t i o n s . H o w e v e r , da ta o n area u n d e r forage s o r g h u m
are n o t r e a d i l y ava i lab le .
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Millet
F o o d use i s s t i l l t h e m o s t i m p o r t a n t use o f m i l l e t s . I n 2 0 0 0 , o n l y 1 4 % o f t o t a l
g r a in p r o d u c t i o n i n A s i a was u s e d f o r f e e d a n d o t h e r n o n - f o o d uses. Feed use i s
h i g h i n C h i n a a n d Pak is tan . I n I n d i a , a l t h o u g h , o n l y 6 % o f m i l l e t p r o d u c t i o n i s
u s e d f o r f e e d i t s i m p o r t a n c e i s i nc reas ing i n r e c e n t years. For e x a m p l e , i n
T a m i l N a d u i n s o u t h e r n I n d i a , f a r m e r s g r o w i n g i m p r o v e d cu l t i va r s o f p e a r l
m i l l e t (Pennise tum glaucum) are able t o m a r k e t t h e i r su rp lus t o t h e a n i m a l
f e e d sector , m a i n l y p o u l t r y a n d c a t t l e f e e d m a n u f a c t u r i n g u n i t s ( R a m a s w a m y
e t a l . 2 0 0 0 ) .
I n c o n t r a s t t o s o r g h u m a n d m i l l e t , m o r e t h a n 7 0 % o f ma i z e p r o d u c t i o n i s
u s e d as f e e d a n d o t h e r i n d u s t r i a l uses ( s t a rch , b a k e r y p r o d u c t s ) in As i a as also
a t t h e g l o b a l l e v e l . H o w e v e r , t h e r e are c o u n t r i e s i n A s i a l i k e I n d i a , w h e r e i t s
use a s f e e d g r a i n i s o n l y 15%). G l o b a l l y , m a i z e i s o n e o f t h e m a i n c o m p e t i n g
c rops t o s o r g h u m a n d m i l l e t s i n n o n - f o o d uses.
Table 4 . Feed a n d other industr ia l uses (% to domest ic avai labi l i ty) o f s o r g h u m , mil let
and ma ize in As ia .
Country/Region
Asia
Syrian Arab Republic
Thailand
China
Saudi Arabia
Pakistan
Bangladesh
Yemen
India
Myanmar
Nepal
Region
Asia
South Asia
Developing
Developed
World
Source: FAO (2003).
Sorghum
1980
98.5
91.9
37.3
12.5
10.6
10.0
8.8
7.8
-
-
36.1
7.9
40.0
97.1
56.8
2000
96.8
99.4
57.7
5.0
10.0
10.0
8.0
8.2
-
-
35.4
8.2
46.9
88.5
55.8
Millet
1980
68.4
100.0
20.5
26.7
55.0
0.0
4.0
6.3
15.0
10.7
12.7
7.4
15.7
25.6
16.5
2000
-
100.0
42.5
5.0
55.3
0.0
4.0
6.5
15.0
10.5
13.9
7.5
16.7
71.3
20.0
Maize
1980
94.3
64.3
59.4
95.0
39.9
10.0
36.3
14.5
28.1
16.4
59.6
17.5
54.3
89.0
75.4
2000
95.4
90.3
78.2
99.1
37.7
15.5
48.6
14.3
58.2
27.6
71.1
18.5
64.0
79.1
71.6
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Trade
International trade
Sorghum
I n 2 0 0 2 a b o u t 7 m i l l i o n t o f s o r g h u m ( 1 3 % o f g l o b a l p r o d u c t i o n ) was t r a d e d
g l o b a l l y i n d i c a t i n g a d e c l i n e f r o m 1 1 m i l l i o n t ( 2 0 % o f p r o d u c t i o n ) i n 1 9 8 0
(Table 5 ) . G l o b a l s o r g h u m t r a d e c o m p a r e s f a v o r a b l y w i t h t r a d e i n a l l cereals,
w h i c h i s a b o u t 1 2 - 1 3 % o f p r o d u c t i o n . D e v e l o p e d c o u n t r i e s a c c o u n t f o r t h e
b u l k o f t r a d e i n s o r g h u m , w h i c h i s m a i n l y f o r f e e d use ( F i g . 1 ) . I n A s i a , m a j o r
s o r g h u m - g r o w i n g c o u n t r i e s a c c o u n t f o r a s m a l l f r a c t i o n o f g l o b a l t r a d e , a n d
t h e i r share has b e e n d e c l i n i n g o v e r t i m e ( F i g . 1 ) . T h a i l a n d was a m a j o r
e x p o r t e r o f s o r g h u m i n t h e 1980s a n d C h i n a i n t h e ea r ly 1990s . E x p o r t s f r o m
A s i a d e c l i n e d d r a s t i c a l l y i n 2 0 0 1 , r e f l e c t i n g t h e g r o w i n g d e m a n d f o r s o r g h u m
i n n o n - f o o d uses.
S o r g h u m i m p o r t s t o A s i a d e c l i n e d f r o m 5.4 m i l l i o n t i n 1 9 8 0 t o 2 m i l l i o n t 
i n 2 0 0 1 . Japan accounts f o r b u l k o f these i m p o r t s . C h i n a , Malays ia , R e p u b l i c o f
K o r e a a n d Y e m e n i m p o r t sma l l q u a n t i t i e s , w i t h n o d i sce rnab le t r e n d (Table 6 ) .
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Table 5 . S o r g h u m expor ts in As ia .
Country/Region
As ia
Thailand
Indonesia
Singapore
Pakistan
China
India
Region
Asia
South Asia
Developing
Developed
World
Source: FAO (2003).
Exports ('000 t)
1980
180.6
12.6
9.8
5.4
1.0
0.1
209.5
5.5
2,053.7
9,125.7
11,179.4
1990
19.8
-
0.1
0.0
289.3
0.0
309.5
0.0
1,501.9
7,362.6
8,864.5
2001
0.3
-
0.2
0.02
19.0
0.4
20.6
0.4
518.8
6,494.5
7,013.3
Exports as % of production
1980
76.2
-
-
2.3
0.015
0.001
1.1
0.05
5.1
53.2
19.5
2001
0.2
-
-
0.01
0.7
0.004
0.2
0.005
1.2
40.2
11.6
Figure 1. Sorghum and millet exports. 
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Millet
A r o u n d less t h a n 1 % o f g l o b a l p r o d u c t i o n o f m i l l e t i s t r a d e d . T h i s f i g u r e c o u l d
b e a n u n d e r e s t i m a t e s ince subs t an t i a l q u a n t i t i e s o f m i l l e t t r a d e are
u n r e c o r d e d ( I C R I S A T a n d F A O 1 9 9 6 ) . O f f i c i a l r e c o r d s o n p r i ces , e tc are also
n o t r e g u l a r l y p u b l i s h e d . U n l i k e s o r g h u m , b o t h d e v e l o p e d a n d d e v e l o p i n g
c o u n t r i e s are i m p o r t a n t e x p o r t e r s o f m i l l e t , a n d e x p o r t s have gene ra l l y
inc reased o v e r t i m e ( F i g . 1 ) . A s i a a c c o u n t s f o r o n e - f i f t h o f g l o b a l e x p o r t s a n d
C h i n a a n d I n d i a are t h e m a j o r e x p o r t i n g c o u n t r i e s (Table 7 ) . U n l i k e s o r g h u m ,
share o f A s i a i n t o t a l e x p o r t s o f m i l l e t has i nc reased ove r t i m e a l t h o u g h f r o m a 
s m a l l base ( F i g . 1 ) . A s i a i m p o r t e d a b o u t 6 6 0 0 0 t o f m i l l e t s i n 2 0 0 1 . Japan a n d
R e p u b l i c o f K o r e a a c c o u n t f o r b u l k o f t h e i m p o r t s (Table 8 ) . Severa l o t h e r
c o u n t r i e s i n A s i a i m p o r t s m a l l q u a n t i t i e s m a i n l y f o r f o o d use.
Table 6. S o r g h u m impor ts ( '000 t) in As ia .
Country/Region
Asia
Japan
China
Israel
Cyprus
Saudi Arabia
Singapore
Malaysia
Republic of Korea
Bangladesh
Yemen
India
Thailand
Iraq
Lebanon
Philippines
Turkey
Region
Asia
South Asia
Developing
Developed
World
Source: FAO (2003).
1980
4,219
417
314
99
31.9
19.8
12.7
12.2
5.7
2.5
1.5
0.1
0
0
0
0
5,144.4
7.1
3,659.3
7,372.6
11,031.9
1990
3,763
33
367
0.002
0.5
0.4
2.3
92.3
0.0
18.7
0.0
1.3
155.0
0.0
0.3
25.8
4,468.0
0.004
3,556.0
5,035.9
8,591.9
2001
1,908
37
55
0.007
0.1
0.1
0.3
4.2
0.0
0.5
0.0
0.9
0.0
4.5
4.5
0.0
2,015.7
0.013
5,301.9
2,265.6
7,567.5
Table 7. Mil let expor ts in As ia .
Country/Region
Asia
China
Sri Lanka
Singapore
Thailand
Iran, Islamic Rep of
Turkey
India
Yemen
Kazakhstan
Region
Asia
South Asia
Developing
Developed
World
Source: FAO (2003).
Exports ('000 t)
1980
5
1.4
0.4
0.03
0.03
0.002
0
0
0
6.9
1.4
118.1
96.7
214.9
1990
3.9
0.002
0.3
1.3
0.0
0.6
4.5
0.0
0.0
13.6
4.7
81.1
105.9
105.9
2001
21.4
0.005
0.02
0.2
2.0
0.8
19.1
0.1
1.7
45.7
19.1
106.0
142.3
142.3
Exports as % of production
1980
0.09
8.90
-
-
0.29
0.01
0
0
0
0.04
0.01
0.51
5.12
5.12
2001
1.09
0.12
-
-
22.2
12.3
0.17
0.21
1.98
0.3
0.2
0.4
9.7
9.7
Domestic trade in India
Large q u a n t i t i e s o f s o r g h u m are t r a d e d w i t h i n I n d i a f r o m t h e m a j o r g r o w i n g
areas t o u r b a n cen te r s , t o n o n - s o r g h u m g r o w i n g areas a n d also b e t w e e n
g r o w i n g areas. T h e t r a d e i s m a i n l y t o m e e t d e m a n d f o r s o r g h u m f r o m u r b a n
c o n s u m e r s a n d t o m e e t q u a l i t y r e q u i r e m e n t s o f c o n s u m e r s f r o m d i f f e r e n t
i n c o m e g r o u p s . For e x a m p l e , p o o r c o n s u m e r s p r e f e r s o r g h u m g r o w n i n t h e
r a i n y season because i t i s cheaper t h a n s o r g h u m g r o w n in t h e p o s t r a i n y season,
w h i c h i s o f s u p e r i o r q u a l i t y . S o r g h u m i s t r a d e d ove r l o n g dis tances m a i n l y f o r
n o n - f o o d uses l i k e p o u l t r y f eed , c a t t l e f eed , a l c o h o l m a n u f a c t u r e , e tc
( M a r s l a n d a n d Par thasara thy Rao 1 9 9 9 ) .
Prices
World market
A t t h e g loba l l e v e l s o r g h u m i s a l m o s t e x c l u s i v e l y t r a d e d a s f e e d g r a i n a n d i t s
m a r k e t p r i c e i s c lose ly r e l a t e d t o p r o d u c t i o n a n d t r a d e o f o t h e r f e e d grains
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Table 8. Mil let impor ts ( '000 t) in A s i a .
Country/Region
Asia
Japan
Kuwait
Republic of Korea
Saudi Arabia
Thailand
Singapore
Malaysia
Philippines
China
Indonesia
Israel
Sri Lanka
Turkey
Region
Asia
South Asia
Developing
Developed
World
Source: FAO (2003).
1980
47.4
1.1
1.0
0.8
0.6
0.5
0.5
0.035
0.00
0.00
0.00
0.00
0.00
52.2
0.002
114.5
170.1
284.6
1990
26.2
0.1
0.1
0.0
1.8
1.0
2.2
0.3
3.6
1.6
0.3
0.0
0.0
41.6
0.4
38.4
164.4
202.9
2001
12.9
0.4
15.4
5.2
3.9
0.1
3.2
1.8
4.0
7.6
1.1
2.3
1.9
65.9
2.9
108.1
152.4
260.5
s u c h as m a i z e , w h e a t a n d b a r l e y ( H o r d e u m vulgare). T h e r e are no p u b l i s h e d
da ta o n s o r g h u m t r a d e a n d p r i ces f o r f o o d use d u e t o s m a l l v o l u m e s t r a d e d .
T h e c losest c o m p e t i t o r f o r s o r g h u m i n m o s t n o n - f o o d uses i s m a i z e . M a i z e i s
p r e f e r r e d o v e r s o r g h u m w h e n t h e r e i s n o p r i c e d i f f e r e n c e b e t w e e n t h e t w o
c rops . G e n e r a l l y i n t e r n a t i o n a l m a r k e t p r i ce s o f s o r g h u m are l o w e r t h a n m a i z e
p r i ce s b y 5 - 1 0 % ( F i g . 2 ) . T h e p r i c e d i f f e r e n c e var ies f r o m year t o year
d e p e n d i n g o n p r o d u c t i o n o f m a i z e i n t h e m a j o r g r o w i n g o r e x p o r t i n g
c o u n t r i e s .
Domestic prices in India
I n d e x o f rea l w h o l e s a l e p r i ce s o f s o r g h u m i n I n d i a d e c l i n e d s h a r p l y u n t i l e a r ly
1990s a n d rose above t h e r a t e o f i n f l a t i o n s ince 1 9 9 5 (base 1 9 8 1 = 1 0 0 ) ,
pe rhaps i n d i c a t i n g r e n e w e d d e m a n d f o r s o r g h u m p a r t i c u l a r l y f o r n o n - f o o d
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uses. S ince t h e m i d - 1 9 9 0 s rea l p r i ces o f r i ce a n d w h e a t (s ince 1 9 9 7 ) have
inc reased fas te r t h a n t h e i n f l a t i o n ra te . D u e t o a n e f f e c t i v e p r o c u r e m e n t p r i c e
p o l i c y f o r r i ce a n d w h e a t , m a r k e t p r i ces are n o t a t r u e i n d i c a t o r o f d e m a n d f o r
these c rops . S o r g h u m p r i ces are genera l l y m o r e v o l a t i l e ( large year t o year
f l u c t u a t i o n s ) c o m p a r e d t o r i ce a n d w h e a t p r i ces s ince i t s p r o d u c t i o n i s
d e p e n d e n t o n r a i n f a l l (F ig . 3a ) . I n c o n t r a s t , t h e rea l p r i c e o f s o r g h u m s t r a w
inc reased fas te r t h a n t h e g ra i n p r i c e l ead ing t o a sharp increase i n t h e s t r a w t o
gra in p r i c e r a t i o ove r t i m e , r e f l e c t i n g a g r o w i n g d e m a n d f o r l i v e s t o c k f e e d , t o
m e e t t h e r i s ing d e m a n d f o r m i l k a n d m e a t ( K e l l e y a n d Par thasa ra thy Rao
1 9 9 3 ) . C o m p a r e d t o cerea ls , pu l se p r i c e i n d e x i nc reased sharp ly , w i t h t h e
i n d e x va lue a r o u n d 135 i n 2 0 0 1 (F ig . 3 b ) . T h e sharp r ise i n rea l p r i ces o f
pu lses has m a d e i t a n a t t r a c t i v e c r o p , w i t h area u n d e r d i f f e r e n t pu l se c rops
e x p a n d i n g , s u b s t i t u t i n g area u n d e r coarse cerea ls .
A s i n d i c a t e d ear l ie r , m a i z e i s a n i m p o r t a n t c o m p e t i t o r f o r s o r g h u m i n
a l t e r n a t i v e uses. A s a t t h e g loba l l e v e l , e v e n i n I n d i a 1 0 - 1 5 % l o w e r m a r k e t
p r i c e f o r s o r g h u m c o m p a r e d t o m a i z e i s a m i n i m u m r e q u i r e m e n t f o r f e e d
m a n u f a c t u r e r s a n d o t h e r i n d u s t r i a l p rocessors t o p a r t i a l l y s u b s t i t u t e s o r g h u m
f o r m a i z e . W h o l e s a l e m a r k e t p r i ces f o r s o r g h u m a n d ma i ze are assemb led f o r
F igu re 2 . A v e r a g e a n n u a l expo r t p r i ces o f s o r g h u m a n d m a i z e a t U S G u l f
po r t s .
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a f e w se lec t m a r k e t s i n I n d i a a n d are s h o w n i n F i g u r e 4 . T h e r a t i o o f s o r g h u m
t o m a i z e p r i c e i s e q u a l t o o r l o w e r t h a n m a i z e p r i ces i n B a h r a i c h , C h i n d w a r a ,
K a n p u r a n d C a l c u t t a m a r k e t s i n I n d i a e x c e p t i n f e w years w h e n s o r g h u m
pr i ce s are h i g h e r t h a n m a i z e p r i ce s . I f s o r g h u m pr ices can b e c o n s i s t e n t l y
l o w e r t h a n m a i z e p r i ces b y 1 0 - 1 5 % t h e p ro spec t s o f s u b s t i t u t i n g la rger
q u a n t i t i e s o f s o r g h u m i n n o n - f o o d uses w o u l d b e e n h a n c e d . A c c o r d i n g t o
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Figure 3. Index of real wholesale prices in India (base 1981 = 100): 
(a) Cereals; and (b) Cereals and pulses. 
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i n d u s t r y sources, besides p r i c e , s o r g h u m usage f o r i n d u s t r i a l uses w o u l d
d e p e n d o n c o n t i n u o u s s u p p l y t h r o u g h o u t t h e year. A c c o r d i n g t o i n d u s t r i a l
processors , m a i z e supp l ies are m o r e cons i s t en t i n any g i v e n year.
Marketing in India
T h e m a r k e t i n g s y s t e m f o r s o r g h u m i n I n d i a i s genera l ly f ree o f m a j o r
d i s t o r t i o n s a n d i s n o t a c o n s t r a i n t to m a r k e t i n g of s o r g h u m as a f o o d g ra in .
A l t h o u g h l i n k e d o r t i e d o u t p u t and c r e d i t m a r k e t s l ead t o dis tress sale b y sma l l
F igu re 4 . R a t i o o f s o r g h u m t o m a i z e p r i c e i n selected wholesale m a r k e t s i n
I n d i a .
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a n d m a r g i n a l f a r m e r s , e x i s t i n g m a r k e t i n g a r r a n g e m e n t s m a y n o t b e o p t i m a l f o r
i n d u s t r i a l users o f s o r g h u m a n d m i l l e t . I n d u s t r i a l users m a y w i s h t o bypass t h e
regu la r channels a n d o b t a i n s o r g h u m a n d m i l l e t m o r e e f f i c i e n t l y t h r o u g h n e w
i n s t i t u t i o n a l a r r angemen t s . T h u s , t w i n t r a c k m a r k e t i n g i s envisaged f o r
s o r g h u m , one f o r f o o d s o r g h u m a n d a n o t h e r f o r i n d u s t r i a l users ( M a r s l a n d a n d
Par thasara thy Rao 1 9 9 9 ) .
P r o m o t i n g i n n o v a t i o n s i n t h e coarse g r a i n sec tor
t h r o u g h s c i e n c e - i n d u s t r y c o a l i t i o n s
W h a t c l e a r l y emerges f r o m t h e t r e n d s d i scussed above i s t h a t s o r g h u m a n d t o
a l i m i t e d e x t e n t m i l l e t c rops are m a k i n g t h e t r a n s i t i o n f r o m f o o d t o n o n - f o o d
m a r k e t s . S u p p o r t i n g t h i s t r a n s i t i o n w i t h r e l e v a n t pos tha rves t i n t e r v e n t i o n s i s a 
p o t e n t i a l l y i m p o r t a n t w a y o f e n s u r i n g t h a t n e w m a r k e t s are f o u n d f o r a c r o p
w h i c h f a r m e r s i n m a r g i n a l e n v i r o n m e n t s have l i t t l e c h o i c e b u t t o g row. T h e
c e n t r a l e m p i r i c a l q u e s t i o n conce rns w h a t t h e n a t u r e o f t h a t pos tha rves t
i n t e r v e n t i o n s h o u l d be .
Research a n d t e c h n o l o g y d e v e l o p m e n t in t h i s area has h a d l i m i t e d success.
A m a j o r s t u d y o f s o r g h u m u t i l i z a t i o n i n I n d i a ( H a l l 2 0 0 0 ) c o n c l u d e d t h a t
increased u t i l i z a t i o n o f s o r g h u m i n t h e i n d u s t r i a l sector has h a p p e n e d desp i t e
any specif ic t e c h n i c a l b r e a k t h r o u g h i n t h e f o r m a l p u b l i c research sector. T h e
same r e p o r t goes o n t o emphas ize t h a t one o f t h e c r i t i c a l weaknesses o f c u r r e n t
i n s t i t u t i o n a l a r rangements i s w e a k l inkages b e t w e e n p u b l i c a n d p r i v a t e sectors.
T h i s i s u n f o r t u n a t e g iven t h e cons iderab le a m o u n t o f research t h a t has been
c a r r i e d o u t o n a l t e rna t ive u t i l i z a t i o n o f coarse cereals.
E x p l o r a t i o n o f t h e p o t e n t i a l r o l e o f t h e I n d i a n p r i v a t e sec tor i n r e l a t i o n t o
c r e a t i n g i n c e n t i v e s f o r d i f f e r e n t coarse g ra in q u a l i t i e s r e a c h e d a b r o a d l y s i m i l a r
c o n c l u s i o n ( H a l l e t a l . 2 0 0 0 ) . A g a i n t h e r e c o m m e n d a t i o n f r o m t h a t s t u d y
f o c u s e d on t h e n e e d f o r p a r t n e r s h i p s b e t w e e n i n d u s t r y a n d research a s w e l l a s
i n s t i t u t i o n a l i n n o v a t i o n s ( s u c h a s c o n t r a c t f a r m i n g ) t h a t l i n k f a r m e r s t o
i n d u s t r y . W h i l e t h i s c o n s t r a i n t af fects t h e pos tha rves t sec tor i n p a r t i c u l a r , i t i s
a m o r e genera l f e a t u r e o f t h e n a t u r e o f r e l a t i o n s h i p s b e t w e e n t h e p u b l i c a n d
t h e p r i v a t e sec tors i n I n d i a ( H a l l e t a l . 2 0 0 2 ) .
Be fo re go ing o n t o discuss h o w these issues c o u l d b e r e so lved i t i s usefu l t o
b r i e f l y r e f l ec t on pos tharves t i n n o v a t i o n systems. T h i s a l lows u s t o inves t iga te
t h e i m p l i c a t i o n s these have f o r d e v e l o p i n g i n s t i t u t i o n a l a r rangements t h a t w i l l
s i m u l t a n e o u s l y s u p p o r t i n d u s t r i a l u t i l i z a t i o n of coarse cereals as w e l l as ensure
t h a t t h e s t ra tegy also suppor t s t h e l i v e l i h o o d s o f p o o r f a rmers .
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Postharvest innovation systems
Postharvest R & D seems t o b e p laced u n c o m f o r t a b l y i n t h e conven t iona l
arrangements fo r ag r icu l tu ra l research. C r o p i m p r o v e m e n t research, for example ,
can c lear ly i d e n t i f y p l an t breeders (and increasingly molecu la r biologists) as t h e
cen t ra l sc ient i f ic personnel . T h e p r o d u c t - n e w varieties - i s w e l l d e f i n e d and t h e
systems fo r d i ssemina t ing th i s t echno logy and t h e roles o f ex tens ion services and
seed supp ly agencies are re la t ive ly s t r a igh t fo rward . T h e m a i n c l ien t , t h e farmer, i s
c lear ly i d e n t i f i e d , a s i s t h e ro le o f t h e c l i en t in app ly ing th i s n e w i n p u t technology.
In th i s v i e w o f agr icu l tu ra l research t h e n u m b e r o f players i s fa i r ly l i m i t e d -
scientist , ex tens ion w o r k e r s , fa rmers - and t h e i r roles are clearly de f ined and
m u t u a l l y exclusive. W h i l e th i s i s a s ty l i zed desc r ip t i on o f t h e R & D process and t h e
w a y i t i s arranged, i t i s al l t o o recognizable as t h e conven t iona l m o d e l o f
agr icu l tu ra l research t h a t persists i n m a n y parts o f t h e w o r l d .
Postharvest R & D , on t h e o the r hand , cannot be so neat ly categorized.
Professionally t h e sector spans engineering, f o o d science, pathology, m a r k e t i n g
systems, economics and o the r discipl ines . T h e postharvest sector is also
character ized by i ts linkages and re la t ionships b e t w e e n p roducers and consumers
and b e t w e e n ru ra l and u r b a n areas, w i t h marke t s p l ay ing a large ro le in m e d i a t i n g
these linkages. T h e sector inc ludes t echno logy c l ients a n d i n t e r m e d i a r y
organizations f r o m t h e w h o l e range o f organizat ional types , f r o m b o t h p u b l i c a n d
pr iva te sectors and f r o m an equal ly diverse set of s takeholder agendas and
interests . F u r t h e r m o r e , postharvest t echno logy appl icat ions o f t en f o r m pa r t o f
c o m p l e x t e chno -economic systems w h e r e m a n y players are i nvo lved , each w i t h
d i f f e r e n t skil ls , r e spond ing to d i f f e r en t incent ives . As a resul t postharvest
i n n o v a t i o n i s f r equen t ly e m b e d d e d in a w i d e r set o f re la t ionships and con tex t s
t h a n i s i m p l i e d b y t h e conven t iona l research-extension-farmers m o d e l o f R & D .
Manag ing postharvest i nnova t i on a n d d o i n g so in ways t h a t suppor t a p ro -poor
p o l i c y goal is t he re fo re chal lenging. I t i s increasingly argued tha t conceiv ing
postharvest i n n o v a t i o n as a process emerg ing f r o m a sys tem of suppor t ive actors,
re la t ionships and i n s t i t u t i o n a l c o n t e x t , i s a po l i cy perspect ive t h a t can be used to
p l an R & D m o r e e f fec t ive ly ( H a l l e t a l . 2 0 0 3 ) .
A coalitions approach to postharvest innovation
To o p e r a t i o n a l i z e t h i s c o n c e p t o f a pos tha rves t i n n o v a t i o n sys t em, sc ient is t s
f r o m t h e I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i - A r i d T rop ic s
( I C R I S A T ) , Pa t anche ru , I n d i a have r e c e n t l y b e g u n e x p e r i m e n t i n g w i t h a 
c o a l i t i o n s a p p r o a c h t o research . T h e a p p r o a c h invo lves i n v e s t i g a t i n g a n d
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s t r e n g t h e n i n g t h e i n s t i t u t i o n a l c o n t e x t o f t h e research u n d e r t a k e n , w i t h a 
v i e w t o b u i l d i n g l o c a l i n n o v a t i o n s y s t e m capaci ty . T h e focus o f t h e c o a l i t i o n
t y p e p r o j e c t i s s p e c i f i e d i n b r o a d d e v e l o p m e n t t e r m s ( r a t h e r t h a n n a r r o w
sc i en t i f i c t e r m s ) s o a s t o a r t i c u l a t e t h e i d e n t i f i e d p r o b l e m i n a w a y t h a t
i n c l u d e s t h e i n t e r e s t s o f b o t h n o n - s c i e n t i f i c a s w e l l a s s c i e n t i f i c s t akeho lde r s .
F u r t h e r m o r e , i n s t e a d o f h a v i n g a f i x e d w o r k p l a n t h e a p p r o a c h uses a n a c t i o n
research m e t h o d o l o g y w h e r e b y t h e p r o g r a m o f w o r k a n d t h e p a r t n e r s i n t h e
c o a l i t i o n i n v o l v e d can evo lve a long t h e w a y t o m a t c h e m e r g i n g c i r c u m s t a n c e
a n d f i n d i n g s . T h e idea i s t h a t b y b u i l d i n g t h e r i g h t c o a l i t i o n o f p a r t n e r s a r o u n d
a n i n t e r v e n t i o n task, t h e resea rch e l e m e n t o f t h e p r o j e c t b e c o m e s l i n k e d t o
a n d i n f o r m e d b y t hose w h o w i l l use a n d o p e r a t i o n a l i z e research p r o d u c t s .
T h e focus o f t h i s e x p e r i m e n t a t I C R I S A T i s t h e p r o m o t i o n o f s o r g h u m b y
t h e p o u l t r y i n d u s t r y . T h e c o a l i t i o n , m a d e u p o f b reeders , e c o n o m i s t s , p o u l t r y
sc ien t i s t s , p o u l t r y f e e d m a n u f a c t u r e r s a n d s o r g h u m f a r m e r s , i s t e s t i n g n e w
var i e t i e s i n p o u l t r y r a t i ons . T h e p r o j e c t i s e x p l o r i n g i n s t i t u t i o n a l a r r a n g e m e n t
t h a t w o u l d a l l o w a c o n t r a c t g r o w i n g s c h e m e t o d e v e l o p a n d i n t h e l onge r t e r m
b u i l d i n g a n e w r e l a t i o n s h i p b e t w e e n s o r g h u m b reede r s a n d t h e i n d u s t r i a l
sec to r t h a t w i l l i nc reas ing ly d e t e r m i n e t h e u t i l i z a t i o n q u a l i t y cha rac t e r i s t i c s o f
t h e c r o p . T h e n o v e l t y o f t h i s a p p r o a c h i s n o t o n l y t h e d i v e r s i t y o f p a r t n e r s
i n v o l v e d i n t h e process , b u t also t h a t t h e o u t c o m e s o f t h e p r o j e c t are b o t h
t e c h n i c a l a n d i n s t i t u t i o n a l .
W h i l e i t i s t o o ea r ly t o p r e d i c t t h e o u t c o m e s o f t h i s c o a l i t i o n e x p e r i m e n t
a t I C R I S A T , e v i d e n c e f r o m o t h e r p o s t h a r v e s t i n t e r v e n t i o n s o f t h i s t y p e
suggest t h a t i t can b r i n g a b o u t s i gn i f i c an t i n n o v a t i o n a n d i m p a c t ( C l a r k e t a l .
2 0 0 3 ) . G i v e n w h a t i s a l ready k n o w n a b o u t i n n o v a t i o n process i n t h e
pos tha rves t sec to r i t i s a p p a r e n t t h a t i f t h e i n d u s t r i a l u t i l i z a t i o n o f coarse
cereals i n A s i a w i l l e v o l v e i n w a y s t h a t s u p p o r t t h e l i v e l i h o o d s o f p o o r
p r o d u c e r s , i n s t i t u t i o n a l d e v e l o p m e n t i s l i k e l y to be as i m p o r t a n t a s
t e c h n o l o g i c a l change . A c r i t i c a l p a r t o f i n s t i t u t i o n a l d e v e l o p m e n t w i l l b e
s t ronge r a n d m o r e e f f e c t i v e l inkages b e t w e e n science, i n d u s t r y a n d f a r m e r s .
C o n c l u s i o n s
I n r e c e n t years p r o d u c t i o n , c o n s u m p t i o n a n d t r a d e p a t t e r n s f o r coarse cereals
i n A s i a i n d i c a t e a s h i f t f r o m f o o d t o n o n - f o o d uses. S t r o n g e r c o a l i t i o n s o f
sec tor s t a k e h o l d e r s s h o u l d b e p r o m o t e d a s a w a y o f d e v e l o p i n g t h e n o n - f o o d
m a r k e t a n d b u i l d i n g s t ronge r a n d m o r e e f f e c t i v e l y l i n k i n g f a r m e r s w i t h n e w
sources o f d e m a n d f o r t h e i r c rops .
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Demand-driven Sorghum and Mil let Utilization:
Failures, Successes and Lessons Learned
LW Rooney1
Abstract
Sorghum and millets have excellent quality for processing. However, generally, 
the grain available for processing from market channels has variable, poor 
quality. The key to producing profitable sorghum and millet products is a 
consistent supply of grain that can be processed into convenient, cost competitive, 
attractive products that provide an alternative for higher cost imported products. 
The concept of supply chain management starts during development of new 
cultivars and continues through production, harvesting, storage, processing and 
marketing. There must be sufficient value added during the process to improve 
and share prof its with all participants. This system is difficult to initiate but is an 
essential need all over the world. The development of adequate supply chains from 
producers to processors will allow profitable production of new products. 
Several myths about sorghum tannins and poor digestibility negatively 
affect the perceived nutritional and processing quality of sorghum, making many 
potential users afraid to use sorghum. Thus, the advantages and disadvantages of 
sorghum and millets must be clarified to potential users. 
Development and marketing of value-added products from millet and 
sorghum is progressing. Demand is emerging, but systems linking seed and grain 
quality to production, food processing and marketing must be promoted. Many 
failures are behind us; the future looks promising if we can meet the challenges of 
providing a good quality grain supply at competitive prices. 
M a n y f an t a s t i c a l l y g o o d foods have been p r o d u c e d f r o m s o r g h u m [Sorghum 
bicolor) a n d m i l l e t s i n p i l o t p ro j ec t s c o n d u c t e d b y n u m e r o u s sc ient i s t s a n d
c o m p a n i e s a r o u n d t h e w o r l d . These grains can b e p rocessed i n t o a w i d e
v a r i e t y o f foods a n d f o o d i n g r e d i e n t s . H o w e v e r , m o s t o f t h e t i m e t h e
t e c h n o l o g y a n d p r o d u c t s f a i l because t h e r e i s a n i n a d e q u a t e s u p p l y o f g ra in
t h a t can b e p r o f i t a b l y processed .
G o o d p r o d u c t s t h a t w e r e w e l l a c c e p t e d w h e n t h e y w e r e m a d e w i t h
g o o d q u a l i t y g ra in f a i l e d d r a m a t i c a l l y w i t h c o n s u m e r s w h e n grains f r o m loca l
m a r k e t s w e r e u t i l i z e d . Basically, t h e s i t u a t i o n " W h i c h comes f i r s t , t h e
c h i c k e n o r t h e egg?" appl ies s ince an adequa te s u p p l y o f g ra in c a n n o t be
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o b t a i n e d u n t i l one p r o d u c e s a n d sells a g o o d q u a l i t y p r o d u c t t h a t i s
c o m p e t i t i v e w i t h e x i s t i n g p r o d u c t s . Fa rmers c a n n o t a f f o r d t o p rese rve t h e
i d e n t i t y a n d m a r k e t g o o d q u a l i t y g ra in unless t h e y are p a i d e x t r a ; processors
c a n n o t c o m p e t e w i t h i m p o r t e d foods w i t h o u t g o o d g ra in suppl ies . T h u s t h e
cyc le goes o n . H o w e v e r , r i s i ng i n c o m e s a n d t h e n e e d f o r conven i ence , g o o d
taste , p r o p e r t e x t u r e , e tc p r o v i d e an o p p o r t u n i t y f o r n i c h e m a r k e t i n g t h a t w i l l
g r o w d r a m a t i c a l l y .
S o m e o f m y expe r i ences w i t h s o r g h u m a n d m i l l e t p r o d u c t s over t h e past
35 years are s u m m a r i z e d . A l s o , some t h o u g h t s a b o u t f u t u r e research a n d
d e v e l o p m e n t needs t o i m p r o v e t h e i r c o n s u m p t i o n i n p r o f i t a b l e foods
d e m a n d e d b y u r b a n c o n s u m e r s are p r e s e n t e d .
C o n s u m e r d e m a n d s
U r b a n c o n s u m e r s w a n t f o o d p r o d u c t s t h a t d e l i v e r conven ience , tas te ,
t e x t u r e , c o l o r a n d she l f - s t ab i l i t y a t a n e c o n o m i c a l l y c o m p e t i t i v e cost .
H o w e v e r , up-scale s o r g h u m and m i l l e t p r o d u c t s t h a t m e e t these
r e q u i r e m e n t s are usua l ly n o t avai lable in u r b a n areas.
O u r l a b o r a t o r y a n d co l l abo ra to r s i n s o r g h u m p r o d u c i n g c o u n t r i e s a r o u n d
t h e w o r l d have m a d e e x c e l l e n t p r o t o t y p e p r o d u c t s f r o m s o r g h u m a n d m i l l e t
us ing e x i s t i n g t e c h n o l o g y a n d g ra in w i t h g o o d process ing qua l i t y . H o w e v e r ,
accep tab le v a l u e - a d d e d p r o d u c t s c a n n o t b e m a d e p r o f i t a b l y b y us ing gra in
pu rchased i n t h e loca l m a r k e t s .
T h e m a j o r cons t r a in t s t o s o r g h u m a n d m i l l e t u t i l i z a t i o n are:
• L a c k o f cons i s t en t , u n i f o r m q u a l i t y g ra in supp l ies
• L o g i s t i c s / m a r k e t s
• S u b s i d i z e d i m p o r t e d cereals
• E x t e n s i o n o f e x i s t i n g process ing t e c h n o l o g y unava i l ab le
• F e w shel f -s table c o n v e n i e n c e foods
• G o v e r n m e n t a l po l i c i e s , v a l u e - a d d e d t a x o n s o r g h u m i n S o u t h A f r i c a
• S u b s i d i z e d f o o d sys tems based on ma ize (Zea mays), r i ce (Oryza sativa) 
or w h e a t (Triticum aestivum) 
• Poor image o f s o r g h u m a n d m i l l e t
• N u t r i t i o n a l m y t h s , t a n n i n s a n d p o o r d i g e s t i b i l i t y
• G r a i n m o l d s
T h e greatest obstacle t o u t i l i z a t i o n i s t h e lack o f a cons is ten t s u p p l y o f
gra in t h a t can b e processed i n t o e c o n o m i c a l l y c o m p e t i t i v e p r o d u c t s . O t h e r
cons t ra in t s a f f ec t ing t h e u t i l i z a t i o n o f s o r g h u m a n d m i l l e t s , t h o u g h serious, can
be o v e r c o m e once a s u p p l y of gra in of consis tent q u a l i t y i s available. In t h e past,
o p p o r t u n i t i e s w e r e los t b y g o v e r n m e n t a l p o l i c y changes t h a t d i s c r i m i n a t e
against local cereals by easing i m p o r t r es t r i c t ions on fo re ign gra in .
I n sp i t e o f a l l these p r o b l e m s , loca l g ra in p r o d u c t s are b e i n g p r o f i t a b l y
s o l d w i t h inc reas ing d e m a n d f o r e x p o r t a n d d o m e s t i c m a r k e t s i n some areas.
T h i s i s espec ia l ly t r u e i n Daka r , Senegal w h e r e a w i d e va r i e ty o f h i g h q u a l i t y
p e a r l m i l l e t (Pennisetum glaucum) p r o d u c t s are m a r k e t e d p r o f i t a b l y . T h e
p r o d u c t s are based on loca l t r a d i t i o n a l p r o d u c t s , eg, couscous a n d r e l a t e d
p r o d u c t s , a h i g h e r va lue y o g u r t c o n t a i n i n g pea r l m i l l e t a n d p u f f e d snacks.
These processors have l e a r n e d t o p r o d u c e h i g h q u a l i t y p r o d u c t s t h a t are
i n d e m a n d b y l o c a l c o n s u m e r s i n sp i t e o f p o o r q u a l i t y gra in suppl ies . T h e i r
success i s s t i m u l a t i n g a d e m a n d f o r suppl ies o f i m p r o v e d q u a l i t y gra in because
t h e y recognize t h e n e e d t o p r o d u c e a q u a l i t y p r o d u c t . These processors
s t a r t e d w i t h a v e r y s m a l l n i c h e scale o p e r a t i o n and in some cases have
e x p a n d e d s ign i f i can t ly . O t h e r s i m i l a r ope ra t i ons have f a i l e d because t h e y d i d
n o t p r o v i d e q u a l i t y p r o d u c t s .
T h u s , t h e r e m a y b e m o r e d e m a n d fo r s o r g h u m p r o d u c t s t h a n w e realize.
For e x a m p l e , i n S o u t h A f r i c a , i n sp i te o f a local 14% va lue -added t a x on
processed s o r g h u m p r o d u c t s ( M a b e l l a M e a l ) , s igni f icant a m o u n t s o f
d e c o r t i c a t e d s o r g h u m are so ld t o consumers . T h e p r o d u c t m a d e f r o m loca l
sorghums w i t h r e d o r b r o w n grain co lo r i s c o n s u m e d even t h o u g h i t costs m o r e
t h a n w h i t e maize m e a l . I n Botswana , w h i t e s o r g h u m mea l i s p r e f e r r e d a n d has
t a k e n m a r k e t share away f r o m maize m e a l . S ign i f i can t ly greater d e c o r t i c a t i o n i s
r e q u i r e d t o m a k e l i g h t c o l o r e d m e a l and f l o u r f r o m r e d sorghums i m p o r t e d
f r o m S o u t h A f r i c a .
Progress has been m a d e in recen t years i n t h e U n i t e d States t o p r o v i d e
i d e n t i t y - p r e s e r v e d w h i t e f o o d sorghums fo r use i n d o m e s t i c e thn i c and d i e t a r y
foods a n d fo r e x p o r t t o Japan fo r snacks and o the r p r o d u c t s . M a n y n e w e thn i c
and special d i e t a r y recipes have been d e v e l o p e d and p u b l i s h e d . T h e i d e n t i t y -
p rese rved f o o d so rghums have s t i m u l a t e d s igni f icant in te res t and d e m a n d fo r
s o r g h u m f o o d p r o d u c t s . Reasonable chances fo r g r o w t h o f these m a r k e t s exis t ,
p r o v i d e d progress t o p r o d u c e g o o d q u a l i t y s o r g h u m con t inues .
V a l u e - a d d e d s u p p l y c h a i n
T h e va lue a d d e d s u p p l y c h a i n i n c l u d e s :
• Seed s u p p l i e r (seed p r o d u c t i o n ) - q u a l i t y a n d p u r i t y
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• G r a i n p r o d u c e r
• H a r v e s t i n g
• S torage
• H a n d l i n g a n d t r a n s p o r t a t i o n
• Process ing i n t o p r o d u c t s
• M a r k e t i n g
D e v e l o p i n g a v a l u e - a d d e d g ra in s u p p l y c h a i n i s a cha l l enge . A l l t h e
c o m p o n e n t s i n s o m e f o r m o r a n o t h e r are necessary t o m e e t t h e needs f o r
d e m a n d - d r i v e n f o o d a n d f e e d p r o d u c t s . M o r e e f f i c i e n t m e t h o d s o f t h r e s h i n g
a n d c l e a n i n g t h e g r a i n t o r e m o v e sand a n d o t h e r i m p u r i t i e s are essent ia l .
D e v e l o p m e n t o f t h e s u p p l y c h a i n i n v o l v e s e x t e n s i v e c o m m u n i c a t i o n s a n d
p r o m o t i o n o f g o o d w i l l a n d u n d e r s t a n d i n g a m o n g a l l t h e p a r t i c i p a n t s .
S i m p l e m e t h o d s t o assess q u a l i t y are r e q u i r e d t o f a c i l i t a t e s u p p l y c h a i n
m a n a g e m e n t . A set o f s t andards a long w i t h p r a c t i c a l s p e c i f i c a t i o n s f o r each
i m p o r t a n t q u a l i t y c r i t e r i a i s r e q u i r e d . T h e s e s p e c i f i c a t i o n s m u s t b e agreeable
a n d p r a c t i c a l t o p r o d u c e r s , g r a i n t r a d e r s a n d processors a l i k e . C o n t r a c t s are
r e q u i r e d a l o n g w i t h c r e d i t sys tems t o b u i l d g r a i n s torage f a c i l i t i e s t o h o l d g r a i n
t h r o u g h o u t t h e year t o assure a c o n s i s t e n t s u p p l y o f g r a i n f o r t h e processor .
P r o f i t f o r a l l i s necessary t o m a k e t h e s c h e m e w o r k .
C o m m u n i c a t i o n s are c r i t i c a l l y i m p o r t a n t . I t i s i n h e r e n t l y d i f f i c u l t f o r
p r o d u c e r s a n d processors t o u n d e r s t a n d each o t h e r ' s needs a n d p r o b l e m s . A 
l o n g - t e r m r e l a t i o n s h i p b e t w e e n p r o d u c e r s a n d processors i s r e q u i r e d a n d
m u s t b e d e v e l o p e d o v e r t i m e . T h e bes t w a y t o m a k e i t w o r k i s t o s t a r t s m a l l
a n d g r o w a s e x p e r i e n c e i s o b t a i n e d . E f f o r t s t o w o r k w i t h large processors have
f a i l e d s ince s u p p l y log i s t i c s are a m a j o r p r o b l e m . Severa l large m i l l s p r o d u c i n g
s o r g h u m f l o u r i n A f r i c a f a i l e d because o b t a i n i n g a n d t r a n s p o r t i n g large
q u a n t i t i e s o f s o r g h u m t o a n d f r o m a c e n t r a l l o c a t i o n a n d u r b a n areas w e r e
i m p o s s i b l e t o d o p r o f i t a b l y .
S o m e va r i e t i e s a n d i m p r o v e d c u l t i v a r s are avai lable i n m o s t c o u n t r i e s
t h a t have s i g n i f i c a n t l y i m p r o v e d p rocess ing q u a l i t y . A s u p p l y c h a i n
m a n a g e m e n t s c h e m e w o u l d f a c i l i t a t e t h e i n t r o d u c t i o n o f n e w c u l t i v a r s w i t h
i m p r o v e d q u a l i t y a n d g r a i n y i e l d s . I n M a l i , N ' T e n e m i s s a , a w h i t e g r a i n , t a n
p l a n t c o l o r p h o t o s e n s i t i v e s o r g h u m v a r i e t y t h a t avo ids h e a d b u g a n d m o l d s ,
has d e m o n s t r a t e d e x c e l l e n t p roces s ing p r o p e r t i e s a n d has b e e n i d e n t i t y
p r e s e r v e d , s t o r e d , h a n d l e d a n d p roces sed i n t o f l o u r s , d e c o r t i c a t e d r i c e - l i k e
p r o d u c t s , a n d s o l d a s c lean w h o l e g r a i n . F a r m e r s a n d c o n s u m e r s p r e f e r t h e
p r o d u c t s m a d e f r o m N ' T e n e m i s s a o v e r o t h e r l oca l v a r i e t i e s .
L i k e w i s e , i n C e n t r a l A m e r i c a , f a r m e r s p r e f e r c e r t a i n w h i t e gra in , t a n p l a n t
c o l o r s o r g h u m var ie t ies f o r use i n t o r t i l l a s a n d b a k e d p r o d u c t s . I n fact , some
fa rmer s are g r o w i n g t h e t a n p l a n t var ie t ies , s t o r i n g t h e g ra in , m i l l i n g i t i n t o f l o u r
a n d m a r k e t i n g t h e f l o u r a s b read , cookies a n d r e l a t e d p r o d u c t s i n u r b a n areas.
These v e r t i c a l l y i n t e g r a t e d ope ra t ions are s m a l l b u t are p r o v i d i n g o p p o r t u n i t i e s
f o r p r o d u c e r s t o enhance t h e i r p r o f i t s . T h e l inkage b e t w e e n c r o p i m p r o v e m e n t
p r o g r a m s a n d processors is i m p o r t a n t . N e w cu l t i va r s w i l l be a d o p t e d m o r e
r a p i d l y i f t h e y can increase t h e p r o f i t a b i l i t y o f f a rmers b y increas ing t h e va lue o f
t h e c r o p f o r t r a n s f o r m a t i o n i n t o f o o d p r o d u c t s .
F u n c t i o n a l i t y o f s o r g h u m a n d m i l l e t s
T h e r e are m a n y d i f f e r e n t so rghums t h a t can b e u sed i n var ious ways . T h e r e f o r e ,
i t i s necessary t o cons ide r w h a t so rghums are available a n d h o w t o choose a m o n g
t h e m . T h e c o l o r a n d c o m p o s i t i o n o f so rghums va ry f r o m w h i t e f o o d types t o
b r o w n h i g h t a n n i n t ypes . Each o f these s o r g h u m var ie t ies has advantages a n d
disadvantages f o r u t i l i z a t i o n . For e x a m p l e , o u r l a b o r a t o r y has d o c u m e n t e d t h a t
t h e b r o w n , h i g h t a n n i n so rghums have levels o f a n t i o x i d a n t s equa l t o o r h ighe r
t h a n those o f b luebe r r i e s ( V a c c i n i u m c o r y m b o s u m ) a n d o t h e r f r u i t s a n d
vegetables. O v e r t h e years t a n n i n grains have been e l i m i n a t e d f r o m c o m m e r c i a l
p r o d u c t i o n i n t h e U n i t e d States because t h e y decrease t h e f e e d e f f i c i ency o f
l i v e s t o c k ra t ions . H o w e v e r , t a n n i n so rghums fo r use i n spec ia l ty foods f o r
d i e t a r y purposes m a y b e c o m e i m p o r t a n t i n t h e f u t u r e .
M o r e o v e r , t h e f l a v o r a n d c o l o r o f t h e b r o w n s o r g h u m s f i n d a p p l i c a t i o n s
i n b a k e d p r o d u c t s w h e r e t h e n a t u r a l co lo r s are a n advantage . I t i s poss ib le t h a t
s o r g h u m w i t h t a n n i n s w i l l f i n d n e w a p p l i c a t i o n s i n t h e f o o d i n d u s t r y i n m a n y
c o u n t r i e s .
W e have d e v e l o p e d i n o u r s o r g h u m i m p r o v e m e n t p r o g r a m , w h i t e gra in ,
t a n p l a n t co lor , f o o d - t y p e h y b r i d so rghums f o r use i n f o o d app l i ca t ions .
F u n c t i o n a l advantages f o r f o o d so rghums i n c l u d e a w h i t e , l i g h t color , b l a n d
flavor , l ack o f G M O (gene t i ca l ly m o d i f i e d o rgan i sm) c o n t a m i n a t i o n , a n d
e x c e l l e n t process ing p r o p e r t i e s f o r use in snacks, breakfas t cereals a n d an array
o f f l ou r s , g r i t s , meals a n d por r idges . T h e b l a n d f l avor a n d l i g h t c o l o r o f f o o d - t y p e
so rghums af fords a rea l advantage in f u n c t i o n a l i t y to s o r g h u m . S o r g h u m does
n o t c o n t a i n g l u t e n a n d i s h y d r o l y z e d s lowly , m a k i n g i t a t t r a c t i ve t o d iabe t ics ,
celiacs a n d e t h n i c groups . I n a d d i t i o n , i t i s a n a l t e rna t ive t o r i c e fo r e x t r u d e d ,
processed foods because o f i t s b l a n d f lavor , l i g h t c o l o r a n d g o o d expans ion .
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W e r e c e n t l y r e p o r t e d t h a t these w h i t e f o o d - t y p e so rghums can b e
e x t r u d e d a s w h o l e g ra in i n d i r e c t expans ion e x t r u d e r s t o p r o d u c e snacks,
breakfast foods a n d o t h e r p r o d u c t s . In m a n y areas, r i ce i s so ld a t a m u c h h ighe r
p r i c e t h a n s o r g h u m , so t h e w h i t e f o o d - t y p e so rghums can c o m p e t e a s f o o d
ingred ien t s , r ep lac ing m o r e expens ive r i ce p r o d u c t s . H o w e v e r , t h e q u a l i t y o f t h e
gra in m u s t b e exce l l en t and t h e kerne ls canno t b e m o l d e d o r w e a t h e r e d .
Pearl m i l l e t has a s t r o n g f l a v o r a n d d a r k c o l o r t h a t i s d e s i r e d in m i l l e t
c o n s u m i n g areas, w h i c h a f fo rds a n o p p o r t u n i t y f o r p r o d u c t s w i t h d i f f e r e n t
cha rac te r i s t i c s . S o m e w h i t e a n d y e l l o w g ra in t ypes t h a t ex i s t i n N a m i b i a have
f u n c t i o n a l advantages f o r p rocessed foods w i t h l i g h t e r c o l o r a n d m i l d e r
f lavors . C e r t a i n va r i e t i e s i n Senegal have b e t t e r q u a l i t y f o r use i n c o m p o s i t e
b r e a d f l o u r s , w h i l e o t h e r s have s i g n i f i c a n t l y i m p r o v e d m i l l i n g p r o p e r t i e s .
These i m p r o v e d t y p e s w i l l be u s e d i n Senegal i f t h e y can be i n t r o d u c e d i n t o
t h e s u p p l y s y s t e m f o r l o c a l processors . O v e r t i m e t h i s w i l l h a p p e n because i t
can i m p r o v e p r o f i t a b i l i t y f o r a l l .
R ice i s c o n s i d e r e d a c o n v e n i e n c e f o o d in m a n y areas i n A f r i c a because i t
i s avai lable in d i f f e r e n t f o r m s as r e a d y - t o - c o o k p r o d u c t s . S i m i l a r p r o d u c t s , eg,
m e a l , couscous , f l ou r , g r i t s a n d snacks m a d e f r o m s o r g h u m a n d m i l l e t are
c o m p e t i t i v e w i t h r i c e i n these areas. T h e r e are several e x a m p l e s o f s m a l l
e n t r e p r e n e u r s i n B a m a k o , M a l i t h a t p r o f i t a b l y sel l l o c a l l y - m i l l e d m a i z e ,
s o r g h u m , m i l l e t a n d f o n i o p r o d u c t s because t h e y p r o d u c e r e l a t i v e l y h i g h
q u a l i t y p r o d u c t s f ree o f sand, r e a d y f o r c o o k i n g . S o m e o f these business
w o m e n are m a i n t a i n i n g g o o d c o n s i s t e n t q u a l i t y b y secu r ing supp l ies o f h i g h
q u a l i t y g r a in f o r p rocess ing . T h i s m a r k e t i s l i m i t e d i n scope b u t i t has
c o n t i n u e d f o r m a n y years. D u r i n g t h i s t i m e , I have obse rved some larger ma i z e
m i l l i n g o p e r a t i o n s t h a t f a i l e d q u i c k l y because t h e y p r o d u c e d v e r y p o o r q u a l i t y
p r o d u c t s . T h e h i g h cost o f c l ean ing m i l l e t a n d s o r g h u m increases p r ices , w h i c h
l i m i t s t h e a b i l i t y o f t h e grains t o c o m p e t e w i t h i m p o r t e d p r o d u c t s .
Plan t b r e e d i n g a n d i m p r o v e m e n t o f g r a i n q u a l i t y
T h e e f f o r t s t o d e v e l o p i m p r o v e d c u l t i v a r s w i t h b u i l t i n q u a l i t y f o r p rocess ing
are c r i t i c a l l y i m p o r t a n t f o r successful u t i l i z a t i o n a n d inc reased p r o f i t s f o r
f a r m e r s a s w e l l . T h e goals o f p l a n t b r e e d i n g p r o g r a m s m u s t b e c o n s i d e r e d i n
t e r m s o f y i e l d o f use fu l q u a n t i t i e s o f f o o d p r o d u c e d p e r u n i t o f l a n d . T h e
m a j o r ob jec t ives o f s o r g h u m a n d m i l l e t b r e e d i n g p r o g r a m s are:
• M a x i m i z e y i e l d o f u s e f u l p r o d u c t s p e r hec t a r e
• Focus on e c o n o m i c g ra in y i e l d s a n d q u a l i t y
• D e v e l o p geno types w i t h v a l u e - a d d e d cha rac te r i s t i c s a n d m o l d / h e a d b u g /
w e a t h e r i n g res is tance
Breed ing f o r y i e l d w i t h o u t regard f o r q u a l i t y i s a m a j o r m i s t a k e . Farmers in
t h e s e m i - a r i d t r o p i c s have n o t p l a n t e d m a n y i m p r o v e d s o r g h u m var ie t ies
because t h e y are suscept ib le to w e a t h e r i n g a n d head bugs, a n d have
unaccep tab le processing and f o o d p rope r t i e s . For e x a m p l e , w o m e n w i l l n o t
accept a t h i n pe r i ca rp s o r g h u m because t h e w o r k r e q u i r e d t o d e h u l l i t b y h a n d
p o u n d i n g i s increased by 5 0 % or greater. T h e r e f o r e , i t i s i m p o r t a n t t h a t s o r g h u m
breeders recognize t h a t f o o d q u a l i t y i s c r i t i c a l l y i m p o r t a n t a n d i s an essential
p a r t o f g ra in y i e l d . T h i s i s i l l u s t r a t e d i n C e n t r a l A m e r i c a , w h e r e several w h i t e
gra in , t a n p l a n t co lo r f o o d - t y p e so rghums are p r e f e r r e d by fa rmers because t h e y
have g o o d t o r t i l l a - m a k i n g qua l i t i e s and can be used in a va r i e ty o f b a k e d
p r o d u c t s w i t h super io r qua l i ty . These so rghums are used i n c o m m e r c i a l bakeries
t o e x t e n d w h e a t f l o u r fo r swee t breads a n d o t h e r p r o d u c t s .
I n t h e m o r e h u m i d areas o f W e s t A f r i c a , a m a j o r p r i o r i t y s h o u l d b e t o
d e v e l o p i m p r o v e d loca l va r ie t i e s t h a t have p h o t o s e n s i t i v i t y and g o o d f o o d
q u a l i t y ( t a n p l a n t co lor , s t r a w c o l o r g l u m e s ) . S u c h var ie t i e s c o u l d b e u t i l i z e d
f o r i d e n t i t y p r e s e r v e d s o r g h u m p r o d u c t i o n f o r v a l u e - a d d e d p r o d u c t s . U n t i l
w e o b t a i n s u p e r i o r q u a l i t y so rghums t h a t c o n s i s t e n t l y a v o i d damage b y m o l d s ,
s o r g h u m f o o d use in u r b a n areas i s d o o m e d .
W e d o n e e d t o d e v e l o p s o r g h u m varie t ies t h a t are resis tant t o m o l d s a n d
w e a t h e r i n g . H o w e v e r , m o l d resistance i s v e r y d i f f i c u l t t o select fo r because i t i s
q u i t e c o m p l e x . T h u s , i n m y o p i n i o n , t h e pho tosens i t ive sorghums are des i rable
since t h e y can a v o i d a t least some o f t h e m o l d and w e a t h e r i n g p r o b l e m s .
Research to i m p r o v e m o l d resistance i s h i g h l y s ignif icant , b u t i t i s l i k e l y to be a 
l o n g - t e r m e f f o r t . I n t h e m e a n t i m e , t h e use o f pho tosens i t ive var ie t ies can b e
e f fec t ive , a s j u d g e d b y t h e progress p r e v i o u s l y m e n t i o n e d i n M a l i .
F o o d u t i l i z a t i o n o f s o r g h u m a n d m i l l e t
P r o p e r s o r g h u m a n d m i l l e t c u l t i v a r s can b e processed i n t o a w i d e v a r i e t y o f
v e r y accep tab le c o m m e r c i a l f o o d p r o d u c t s . These grains can b e e x t r u d e d t o
p r o d u c e a great ar ray of snacks, r eady- to -ea t b reakfas t foods , i n s t an t po r r i dges
a n d o t h e r p r o d u c t s . T h e f lakes o f a w a x y s o r g h u m o b t a i n e d b y d r y hea t
p rocess ing can b e u s e d t o p r o d u c e granola p r o d u c t s w i t h e x c e l l e n t t e x t u r e a n d
tas te . T o r t i l l a s a n d t o r t i l l a ch ip s have b e e n p r o d u c e d f r o m s o r g h u m a n d p e a r l
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m i l l e t a lone o r w i t h m a i z e b l e n d s . T h e s o r g h u m p r o d u c t s have a b l a n d f l a v o r
w h i l e p e a r l m i l l e t p r o d u c t s have a u n i q u e s t r o n g f l a v o r a n d co lo r . A g a i n , t h e
c r i t i c a l l i m i t a t i o n i s c o s t - e f f i c i e n t , r e l i a b l e supp l i e s o f g r a i n .
N e i t h e r s o r g h u m n o r m i l l e t have g l u t e n p r o t e i n s . H e n c e , t o p r o d u c e
yeas t - l eavened breads , t h e y are u sua l l y s u b s t i t u t e d f o r p a r t o f t h e w h e a t f l o u r
i n t h e f o r m u l a . T h e l e v e l o f s u b s t i t u t i o n var ies d e p e n d i n g u p o n t h e q u a l i t y o f
t h e w h e a t f l o u r , t h e b a k i n g p r o c e d u r e , t h e q u a l i t y o f t h e s o r g h u m o r m i l l e t
f l o u r a n d t h e t y p e o f p r o d u c t d e s i r e d . I n b i s c u i t s ( c o o k i e s ) , u p t o 1 0 0 %
s o r g h u m o r m i l l e t f l o u r can b e u s e d . T h e n o n - w h e a t f l o u r gives t h e b i s c u i t a 
d r i e r m o r e sandy t e x t u r e a n d s o t h e f o r m u l a m u s t b e m o d i f i e d t o m a k e i t
m o r e accep t ab l e t o c o n s u m e r s . W h i t e s o r g h u m has a d e f i n i t e advantage ove r
m a i z e a n d m i l l e t i n c o m p o s i t e f l o u r s because o f i t s b l a n d f l a v o r a n d l i g h t co lo r .
H o w e v e r , m o l d s a n d d i s c o l o r a t i o n are m a j o r c o n s t r a i n t s t h a t m u s t b e
r e c o g n i z e d . T h u s , w e d o n o t r e c o m m e n d t h a t w h i t e f o o d - t y p e s o r g h u m s b e
g r o w n i n t h e C o a s t a l B e n d o f Texas, o r o t h e r s i m i l a r h u m i d areas, s ince m o l d s
are o f t e n s i g n i f i c a n t p r o b l e m s t h e r e .
D r y m i l l i n g q u a l i t y
T h e m i l l i n g q u a l i t y o f s o r g h u m a n d m i l l e t i s d e t e r m i n e d m a i n l y b y k e r n e l shape,
densi ty , hardness , s t r u c t u r e , p resence o f a p i g m e n t e d testa , p e r i c a r p t h i cknes s
a n d color . Ke rne l s w i t h a h i g h p r o p o r t i o n o f h a r d e n d o s p e r m , a n d a w h i t e , t h i c k
p e r i c a r p w i t h o u t a p i g m e n t e d tes ta have o u t s t a n d i n g d e h u l l i n g p r o p e r t i e s . Sof t
f l o u r y ke rne l s d i s in t eg ra t e d u r i n g d e h u l l i n g a n d c a n n o t b e m i l l e d e f f i c i e n t l y . For
h a n d d e h u l l i n g , a t h i c k s t a rchy m e s o c a r p layer i n t h e p e r i c a r p reduces l abor b y
5 0 % o r m o r e . L o n g , s lender pea r l m i l l e t ke rne l s have v e r y p o o r d e h u l l i n g
p r o p e r t i e s , w h i l e spher ica l ke rne l s p r o d u c e t h e h ighes t y i e ld s o f d e c o r t i c a t e d
gra in . T h e w h i t e g ra in , t a n p l a n t c o l o r f o o d so rghums have s i gn i f i c an t l y
i m p r o v e d y i e l d s o f l i g h t - c o l o r e d f l o u r a n d d e c o r t i c a t e d ke rne l s .
Feed u t i l i z a t i o n o f s o r g h u m a n d m i l l e t
B o t h f e e d a n d f o o d use o f s o r g h u m a n d m i l l e t are c o m p a t i b l e ; n o t a l l gra ins
w i l l have des i r ab l e f o o d p roces s ing p r o p e r t i e s , s o t h e p o o r q u a l i t y g r a i n w i l l g o
i n t o feeds. O b v i o u s l y , care m u s t b e t a k e n t o a v o i d p r o b l e m s w i t h m y c o t o x i n s .
S o r g h u m is a v e r y g o o d f e e d g r a i n as l o n g as i t i s p r o p e r l y s u p p l e m e n t e d
f o r t h e p a r t i c u l a r species f e d . S o r g h u m s w i t h o u t a p i g m e n t e d tes ta have 9 5 %
o r g rea te r t h e f e e d i n g va lue o f y e l l o w d e n t m a i z e f o r a l l species o f l i v e s t o c k .
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Pearl m i l l e t has o u t s t a n d i n g f e e d va lue f o r p o u l t r y a n d s w i n e because o f h i g h e r
fa t c o n t e n t a n d inc reased essent ial a m i n o ac id c o n t e n t . A n i m a l s f e d r a t i ons
c o n t a i n i n g h i g h t a n n i n s o r g h u m s u s u a l l y c o n s u m e m o r e o f t h e r a t i o n t o
p r o d u c e s i m i l a r w e i g h t gains, w h i c h r educes t h e f e e d e f f i c i e n c y s ign i f i can t ly .
H o w e v e r , t h e c o n c e r n t h a t an ima l s w i l l n o t c o n s u m e t a n n i n s o r g h u m s i s
e r r o n e o u s .
Ef fec t o f m o l d s , insects a n d w e a t h e r i n g o n q u a l i t y
M o l d s d i s c o l o r t h e g r a in , b r e a k d o w n t h e e n d o s p e r m and s i g n i f i c a n t l y
d e t e r i o r a t e p rocess ing q u a l i t i e s . M o l d d a m a g e d o r w e a t h e r e d g ra in c a n n o t b e
easi ly d e c o r t i c a t e d d u e t o softness o f t h e g ra in ; t h e r e s u l t i n g f l o u r o r g r i t s are
b a d l y d i s c o l o r e d a n d c a n n o t b e used f o r f o o d . T h i s p r o b l e m can b e o v e r c o m e
b y t h e p r o d u c t i o n o f p h o t o s e n s i t i v e s o r g h u m s h a v i n g w h i t e g r a in , t a n p l a n t
c o l o r a n d s t r a w - c o l o r e d g l u m e s . T h i s i s c r i t i c a l l y i m p o r t a n t i n W e s t A f r i c a
w h e r e m o s t n e w i m p r o v e d t y p e s have b e e n devas t a t ed b y h e a d bugs a n d
m o l d . For e x a m p l e , N ' T e n e m i s s a r e c e n t l y re leased i n M a l i , i s t h e f i r s t t a n
p l a n t p h o t o s e n s i t i v e s o r g h u m re leased t h a t has i m p r o v e d cha rac t e r i s t i c s f o r
p rocess ing i n t o a w i d e v a r i e t y o f f o o d p r o d u c t s r a n g i n g f r o m b i s c u i t s t o
d e c o r t i c a t e d r i c e - l i k e c o n v e n i e n c e foods . P r o d u c t i o n o f N ' T e n e m i s s a a n d
r e l a t e d l ines has l e d t o i m p r o v e d q u a l i t y f o o d p r o d u c t s . Sys t ems t o p r o d u c e
a n d s u p p l y t h e g r a i n f o r v a l u e - a d d e d process ing are e v o l v i n g . T h e c o n c e p t
w o r k s a n d i f a m a r k e t ex is t s t h a t i s p r o f i t a b l e i t w i l l b e a d a p t e d ove r t i m e .
M y c o t o x i n s
U n l i k e m a i z e , s o r g h u m does n o t d e v e l o p a f l a tox ins p r i o r t o harves t . S o r g h u m
con ta in s Aspergillus flavus a n d o t h e r funga l species, b u t a p p a r e n t l y t h e
e x p o s u r e o f t h e g ra in t o t h e a t m o s p h e r e p r e v e n t s s i g n i f i c a n t levels o f a f l a t o x i n
f o r m a t i o n i n t h e f i e l d . H o w e v e r , i m p r o p e r h a n d l i n g a n d s torage can increase
levels o f a f l a t o x i n s i g n i f i c a n t l y i n s o r g h u m . I n a d d i t i o n , s o r g h u m does n o t
p r o d u c e s i g n i f i c a n t a m o u n t s o f f u m o n i s i n s c o m p a r e d t o m a i z e . T h e r e l a t i v e
res is tance t o f i e l d c o n t a m i n a t i o n o f s o r g h u m b y these i m p o r t a n t m y c o t o x i n s i s
a m a j o r advantage f o r s o r g h u m ove r m a i z e . A s m a i z e i s g r o w n u n d e r m o r e
m a r g i n a l c o n d i t i o n s , t h e r i sk o f i nc reased levels o f m y c o t o x i n s t o p o p u l a t i o n s
c o n s u m i n g m a i z e s h o u l d b e c o n s i d e r e d . S o r g h u m d e f i n i t e l y has f e w e r
p r o b l e m s w i t h m y c o t o x i n s t h a n m a i z e .
S o r g h u m i m a g e - t a n n i n s
T h e a l l eged ' p o o r n u t r i t i o n a l q u a l i t y ' o f s o r g h u m d u e t o t h e p resence o f
t a n n i n s , r e s u l t i n g i n p o o r p r o t e i n d i g e s t i b i l i t y , i s a m a j o r p r o b l e m a s o p i n e d b y
s o m e p e o p l e . O f t e n , k e y n u t r i t i o n i s t s , sc ien t i s t s a n d i n d u s t r y p e r s o n n e l
b e l i e v e t h a t a l l s o r g h u m s c o n t a i n t a n n i n s , a n d t h e r e b y scare p o t e n t i a l users
away. For e x a m p l e , a p o u l t r y n u t r i t i o n i s t f r o m I n d i a i n d i c a t e d h e w o u l d o n l y
f e e d s o r g h u m i f i t was p r i c e d a t 6 0 t o 7 0 % t h e v a l u e o f m a i z e "because o f t h e
t a n n i n s i n s o r g h u m " , even t h o u g h m o s t , i f n o t a l l , I n d i a n s o r g h u m s d o n o t
c o n t a i n c o n d e n s e d t a n n i n s . T h e same i s t r u e o f C e n t r a l A m e r i c a w h e r e
p o u l t r y p r o d u c e r s are w a r y o f u s i n g s o r g h u m s ince " i t has t a n n i n s " . E v e n
t h o u g h t a n n i n s are n o t p r e sen t , fear o f t h e m s i g n i f i c a n t l y af fec ts t h e d e m a n d
f o r s o r g h u m .
T h e s o r g h u m s w i t h o u t a p i g m e n t e d t e s t a d o n o t c o n t a i n t a n n i n s a n d s o
t h e y s h o u l d b e r e f e r r e d t o a s ' t a n n i n f r ee ' . O f t e n l a b o r a t o r i e s use gene ra l
p h e n o l assays t o m e a s u r e t a n n i n s , w h i c h r e su l t s i n e r r o n e o u s i n f o r m a t i o n
s ince a l l s o r g h u m s c o n t a i n p h e n o l s b u t m o s t d o n o t c o n t a i n t a n n i n s . T h e
t a n n i n s o r g h u m s ( b r o w n s o r g h u m s ) have a v e r y d e f i n i t i v e p i g m e n t e d tes ta ,
w h i c h i s caused b y t h e c o m b i n a t i o n o f d o m i n a n t B 1 - B 2 - S - genes, a n d
c o n s t i t u t e a s m a l l p r o p o r t i o n o f t h e soybean ( G l y c i n e max) g r o w n today . S u c h
s o r g h u m s have s i g n i f i c a n t leve ls o f c o n d e n s e d t a n n i n s w i t h res i s tance t o b i r d s
a n d g r a i n m o l d .
T h e t a n n i n s o r g h u m s decrease f e e d e f f i c i e n c y b y 5 t o 2 0 % w h e n f e d t o
l i v e s t o c k , d e p e n d i n g u p o n f e e d i n g sys t ems a n d l i v e s t o c k species; h o w e v e r ,
t h e y have h i g h a n t i o x i d a n t a c t i v i t i e s a n d m a y b e a v e r y g o o d source o f
n u t r a c e u t i c a l s . T h u s w e m i g h t s o m e d a y use t h e s o r g h u m s w i t h a p i g m e n t e d
tes ta a n d d o m i n a n t sp reader genes a s p o t e n t sources o f a n t i o x i d a n t s t h a t are
m o r e e f f i c i e n t l y p r o d u c e d t h a n f r u i t s o r be r r i e s .
I m p r o v i n g s o r g h u m d i g e s t i b i l i t y
M a n y p e o p l e c o n s i d e r s o r g h u m p r o t e i n a s i n d i g e s t i b l e a n d b e l i e v e t h a t
s o r g h u m s h o u l d n o t b e u s e d i n p r o d u c t s l i k e w e a n i n g f o o d s . T h e c o m b i n a t i o n
o f m i s i n f o r m a t i o n a b o u t t a n n i n s a n d p o o r d i g e s t i b i l i t y o f t e n causes d i f f i c u l t y
i n g a i n i n g a p p r o v a l f o r s o r g h u m f o o d s . S o r g h u m i s a n e x c e l l e n t f o o d t h a t w h e n
p r o p e r l y p rocessed , has g o o d d i g e s t i b i l i t y , a n d has s u s t a i n e d m i l l i o n s o f p e o p l e
ove r t h e c e n t u r i e s . H o w e v e r , l i k e a l l cereals i t i s d e f i c i e n t i n l y s i n e a n d o t h e r
essent ia l a m i n o acids a n d m u s t b e p r o c e s s e d p r o p e r l y f o r use i n f o o d s .
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A s i g n i f i c a n t b o d y o f k n o w l e d g e i nd i ca t e s t h a t s o r g h u m p r o t e i n s are o n l y
s l i g h t l y less d i g e s t i b l e t h a n m a i z e w h e n m e a s u r e m e n t s o f d i g e s t i b i l i t y o t h e r
t h a n p e p s i n p r o t e i n d i g e s t i b i l i t y are used . A l s o , t h e i n f o r m a t i o n u s i n g p e p s i n
d i g e s t i b i l i t y s h o w s t h a t d i g e s t i b i l i t y i s s i g n i f i c a n t l y i m p r o v e d w h e n s o r g h u m i s
c o o k e d b y e x t r u s i o n o r a c o m b i n a t i o n o f m o i s t u r e a n d m e c h a n i c a l ene rgy
( such a s t h e ene rgy t h a t occu r s w h e n p o r r i d g e s are s t i r r e d a n d b e a t e n
v i g o r o u s l y ) .
Sof t , d i g e s t i b l e s o r g h u m s are d e s t r o y e d b y m o l d s i n t h e f i e l d p r i o r t o
harves t e x c e p t i n v e r y d r y areas l i k e S u d a n a n d E t h i o p i a . T h u s , e f f o r t s t o
e n h a n c e d i g e s t i b i l i t y o f s o r g h u m m u s t b e d o n e w i t h care. I t i s d i f f i c u l t t o
i m p r o v e d i g e s t i b i l i t y w i t h o u t e n h a n c i n g t h e s u s c e p t i b i l i t y o f t h e g r a i n t o
d e t e r i o r a t i o n s ince s o r g h u m ke rne l s are e x p o s e d t o a m b i e n t c o n d i t i o n s d u r i n g
m a t u r a t i o n , a n d are p r o n e t o a t t a c k b y m o l d s a n d insec ts .
I n c r e a s i n g t h e levels o f l y s i n e a n d t r y p t o p h a n i n s o r g h u m i s e x t r e m e l y
va luab l e i n t e r m s o f h u m a n a n d a n i m a l n u t r i t i o n . D e v e l o p i n g h i g h - y i e l d i n g
s o r g h u m s w i t h i m p r o v e d levels o f l y s ine a n d t r y p o t o p h a n w o u l d g r e a t l y
enhance i t s va lue f o r b o t h h u m a n s a n d a n i m a l s . W i t h t h e i nc reas ing ly
w i d e s p r e a d use o f q u a l i t y p r o t e i n m a i z e , t h e c o m p a r a t i v e p r o t e i n q u a l i t y
( l y s ine a n d t r y p t o p h a n ) o f s o r g h u m w i l l b e s i g n i f i c a n t l y l o w e r . H e n c e , m o r e
w o r k i s n e e d e d t o i m p r o v e s o r g h u m p r o t e i n q u a l i t y .
S t r a t e g y f o r v a l u e - a d d e d p r o d u c t s
T h e s t ra tegy f o r v a l u e - a d d e d p r o d u c t s i n c l u d e t h e f o l l o w i n g a c t i v i t i e s o r
c o m p o n e n t s :
• I d e n t i f y up-sca le p r o d u c t s
• P r o m o t e n i c h e m a r k e t s ( s u p e r m a r k e t s )
• D e v e l o p s o r g h u m a n d m i l l e t p r o d u c t s
• U s e l o w i n p u t , a p p r o p r i a t e t e c h n o l o g i e s
• U s e i d e n t i t y p r e s e r v e d g r a i n
• S p e c i f y v a r i e t y a n d h y b r i d s
• E d u c a t e f a r m e r s a n d p r o d u c e r s
• Share t h e p r o f i t s w i t h m e m b e r s o f t h e s u p p l y c h a i n
T h e bes t s t r a t egy f o r d e v e l o p i n g c o n v e n i e n t , she l f - s tab le s o r g h u m a n d
m i l l e t f oods i s t o use i d e n t i t y - p r e s e r v e d grains t o p r o d u c e h i g h - v a l u e p r o d u c t s
t h a t c an b e p r i c e d s l i g h t l y l o w e r t h a n i m p o r t e d p r o d u c t s . T h e ta rge ts s h o u l d
b e m i d d l e class a n d w e a l t h y p e o p l e w h o can a f f o r d t o pay p r i ces h i g h e n o u g h
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t o p r o v i d e p r o f i t s f o r a l l . T h e r e i s n o n e e d t o d e v e l o p l o w cos t , i n f e r i o r q u a l i t y
foods t h a t d o n o t p r o v i d e s i g n i f i c a n t p r o f i t s . T h e p r o d u c t i o n o f h i g h q u a l i t y
p r o d u c t s i s w o r k i n g i n Senegal w h e r e a n e x p a n d e d snack f o o d i s b e i n g s o l d
p r o f i t a b l y . T h e snack i s a c o m b i n a t i o n o f p e a r l m i l l e t , m a i z e a n d r i c e f l o u r
w h i c h i s p u f f e d , f l a v o r e d , p a c k a g e d a n d s o l d i n s m a l l packe t s . L o c a l supp l i e s
i n c l u d i n g packag ing are used ; t h e p r o d u c t sells s o fast t h a t i t does n o t r e q u i r e
c o s t l y i m p o r t e d l o n g - t e r m p a c k a g i n g m a t e r i a l . S ince s h e l f l i f e i s n o t a p r o b l e m
f o r t h i s c o m p a n y , w h o l e gra ins can b e u s e d f o r e x t r u s i o n a n d p u f f i n g . T h i s
s t r a t egy w o r k s f o r t h e c o m p a n y . H o w e v e r , s h e l f l i f e i s a p r o b l e m f o r s o m e
p r o d u c t s . I n n o v a t i v e w a y s o f e x t e n d i n g s h e l f l i f e can b e d e v e l o p e d t h r o u g h
n e w t e c h n o l o g y o r m a r k e t i n g s t ra tegies . E d u c a t i o n a l p r o g r a m s t o p r o m o t e a n d
c o r r e c t m i s i n f o r m a t i o n a b o u t s o r g h u m a n d m i l l e t p r o p e r t i e s are necessary t o
p r o m o t e accep tance b y t h e f o o d a n d f e e d i n d u s t r i e s .
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Effects of Mycotoxins on Cereals Grain Feed
and Fodder Qual i ty
F Waliyar, SV Reddy and RP Thakur1
Abstract
The mycotoxigenic mold fungi Aspergillus, Penici l l ium and Fusarium were shoum to
be associated with grain molds in sorghum and pearl millet. These fungi produce 
several mycotoxins, some of which can affect human and animal health. The most 
important mycotoxins that occur at biologically significant concentrations in cereals 
are aflatoxins, ochratoxinA, fumonisins, zearalenone, deoxynivalenol and T2 toxin. 
Reports indicate that aflatoxin B1 was associated with liver cancer, synergistic with 
hepatitis B virus and childhood cirrhosis in humans. Several outbreaks of 
aflatoxicosis in poultry and livestock were reported. The fumonisins were associated 
with oesophageal cancer and T2 toxin with alimentary toxic aleukia in humans. 
Fusarial mycotoxins have been implicated as causative agents in various animal 
diseases such as leucoencephalomalacia, pulmonary edema, infertility, diarrhea, 
vomiting, reduced growth rate, drop in egg production and immunosuppression. 
Mycotoxin contamination of cereals can cause economic losses at levels of 
food and feed production including crop distribution, processing and animal 
production. Health risks associated with consumption of contaminated cereals 
were recognized and several countries have recommended permissible levels of 
mycotoxins. At ICRISAT, Patancheru, India, we have developed an enzyme-linked 
immunosorbent assay (ELISA)-based technology to detect aflatoxin B1, aflatoxin 
M1, ochratoxin A and fumonisins in food and feeds. 
A large n u m b e r o f a g r i c u l t u r a l c o m m o d i t i e s are v u l n e r a b l e t o i n f e s t a t i o n by a 
g r o u p o f f u n g i t h a t p r o d u c e t o x i c secondary m e t a b o l i t e s c a l l e d m y c o t o x i n s .
M y c o t o x i n s are a g r o u p o f c h e m i c a l l y d ive r se seconda ry m e t a b o l i t e s t h a t
e x h i b i t a w i d e a r ray o f b i o l o g i c a l e f fec t s . S o m e o f t h e m y c o t o x i n s can b e
m u t a g e n i c , c a r c inogen i c , e m b r y o - t o x i c , n e p h r o - t o x i c , t e r a t o g e n i c , oes t rogen ic
o r i m m u n o s u p p r e s s i v e . A m o n g t h e va r ious m y c o t o x i n s , a f l a t o x i n s ,
o c h r a t o x i n s a n d fusa r ia l t o x i n s ( f u m o n i s i n s ) assume s ign i f i cance d u e t o t h e i r
d e l e t e r i o u s e f fec t s o n h u m a n be ings , p o u l t r y a n d l i v e s t o c k . T h e t o x i n s are
p r o d u c e d o n ce rea l gra ins b o t h i n f i e l d a n d s torage.
In s o r g h u m (Sorghum bicolor) a n d p e a r l m i l l e t (Pennisetum glaucum), 
gra in m o l d s are i m p o r t a n t i n r e l a t i o n t o m y c o t o x i n c o n t a m i n a t i o n . G r a i n m o l d
f u n g i g r o w o n o r i n seed ( W i l l i a m s a n d M c D o n a l d 1 9 8 3 ) . T h e y a f fec t s o r g h u m
a n d p e a r l m i l l e t g r o w n i n w a r m a n d w e t c o n d i t i o n s b e t w e e n f l o w e r i n g a n d
ha rves t ( W i l l i a m s a n d Rao 1 9 8 1 , W i l l i a m s a n d M c D o n a l d 1 9 8 3 ) . T h e y are
m u c h m o r e w i d e s p r e a d i n s o r g h u m t h a n i n pea r l m i l l e t because o f t h e n a t u r e
o f t h e g r o w i n g e n v i r o n m e n t s o f t h e t w o c rops . T h e p r o b l e m o f g r a i n m o l d i s
e n c o u n t e r e d t h r o u g h o u t t h e h u m i d t r o p i c a l a n d s u b t r o p i c a l reg ions . I t i s
p a r t i c u l a r l y ser ious i n areas w h e r e i m p r o v e d , s h o r t - a n d m e d i u m - d u r a t i o n
c u l t i v a r s t h a t m a t u r e b e f o r e t h e e n d o f t h e ra ins have b e e n c u l t i v a t e d . U n d e r
these c o n d i t i o n s , t h e f u n g i such as Aspergillus spp, Penicillium spp a n d
Fusarium spp can i n f e c t these c rops a n d p r o d u c e m y c o t o x i n s ( B a n d y o p a d h y a y
e t a l . 1 9 8 8 , S t enhouse e t a l . 1 9 9 7 ) .
A c c o r d i n g t o C h a r m l e y e t al . ( 1 9 9 4 ) , 2 5 % o f t h e w o r l d ' s f o o d crops are
af fec ted by m y c o t o x i n s each year. T h e A m e r i c a n Phy topa tho log ica l Socie ty
( A P S ) r epor t s t h a t t h e loss i n U S A i s e s t i m a t e d t o b e U S $ 1 0 0 m i l l i o n per year
(Source: A P S N e t ) . T h e m o s t i m p o r t a n t m y c o t o x i n s t h a t can f r e q u e n t l y occur a t
b io log ica l ly s ignif icant concen t ra t ions in cereals are af la toxins , ochra tox ins ,
fumonis ins , zearalenone, m o n i l i f o r m i n and t r i cho thecenes (deoxyn iva leno l ,
n iva leno l a n d T 2 t o x i n ) . These c o m p o u n d s can occur na tu ra l l y i n cereals, e i the r
i n d i v i d u a l l y o r a s specific clusters o f t w o o r m o r e d e p e n d i n g on t h e fungal species
(or s train) i m p l i c a t e d . These m y c o t o x i n s are associated w i t h causative agents in
various h u m a n and a n i m a l diseases. M y c o t o x i n c o n t a m i n a t i o n o f crops cause
e c o n o m i c losses a t all levels o f f o o d a n d f eed cha in , i n c l u d i n g c r o p a n d a n i m a l
p r o d u c t i o n . U n d e r ce r t a in e n v i r o n m e n t a l cond i t i ons t h e c o n t a m i n a t i o n o f various
cereal grains w i t h m o l d fung i a n d m y c o t o x i n i s unavoidable . T h e r e f o r e , t h e
p r e v e n t i o n o f m y c o t o x i n c o n t a m i n a t i o n o f gra in i s t h e m a i n goal o f f o o d a n d
agr icu l tu ra l indus t r ies t h r o u g h o u t t h e w o r l d . T h i s r e p o r t rev iews some general
i n f o r m a t i o n o n t h e occur rence o f tox igen ic fung i and t y p e o f m y c o t o x i n s t h e y
p r o d u c e i n s o r g h u m a n d pear l m i l l e t a n d t h e i r affect o n h u m a n , a n i m a l h e a l t h and
e c o n o m i c losses. M o s t o f t h e i n f o r m a t i o n has been accessed f r o m t h e b o o k
' M y c o t o x i n s i n ag r i cu l tu re a n d f o o d safety ' (Sinha a n d Bhatnagar 1 9 9 8 ) .
Tox igen ic f u n g i o n s o r g h u m a n d p e a r l m i l l e t
Fung i t h a t belongs t o m o r e t h a n 4 0 genera are associated w i t h m o l d e d g ra in
i n c l u d i n g Fusarium spp, Aspergillus spp a n d Penicillium spp. These fung i
p r o d u c e m y c o t o x i n s i n cerea l grains a n d o i l seeds (F ig . 1 ) . T h e l i t e r a t u r e o n
t o x i g e n i c ab i l i t i e s o f Fusarium species c o n t a i n s ign i f ican t n u m b e r o f confus ions ,
caused b y usage o f several t a x o n o m i c systems, w r o n g i d e n t i f i c a t i o n o f t o x i g e n i c
isolates o r i n c o r r e c t i d e n t i f i c a t i o n o f m y c o t o x i n s ( C h e l k o w s k y 1 9 8 9 ) .
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Figure 1. Groundnut and maize seeds affected by fungi that produce 
mycotoxins.
Effect of mycotoxins on human and animal health
Aflatoxins
T o x i c o l o g i c a l l y , t h e a f l a t o x i n s , p a r t i c u l a r l y a f l a t o x i n B 1 ( A F B 1 ) s h o u l d b e
r e g a r d e d as a q u a d r u p l e t h r e a t , i e , as a p o t e n t t o x i n , c a r c i n o g e n , t e r a t o g e n a n d
m u t a g e n . A F B 1 i n d u c e s l i v e r cancer i n several a n i m a l species, a n d has also
b e e n l i n k e d t o l i v e r cancer i n h u m a n be ings ( W a n g e t a l . 1 9 9 6 ) . S t a t i s t i c a l
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c o r r e l a t i o n s b e t w e e n c o n t a m i n a t e d f o o d supp l i e s a n d h i g h f r equenc ies o f
h u m a n h e p a t o c e l l u l a r c a r c i n o m a s i n A f r i c a a n d A s i a have i m p l i c a t e d
a f l a t o x i n s a s r i s k fac to rs i n h u m a n l i v e r cancer . A l l e p i d e m i o l o g i c a l s tud ies o f
a f l a t ox in s a n d l i v e r cancer c o n d u c t e d i n A f r i c a a n d A s i a i n v o l v i n g p o p u l a t i o n s
s u b j e c t e d t o h e p a t i t i s B v i r u s ( H B V ) i n f e c t i o n i n d i c a t e s poss ib le synerg i s t i c
e f f e c t o f a f l a t ox in s a n d H B V i n f e c t i o n i n t h e e t i o l o g y o f l i v e r cancer ( V a n
Rensberg 1 9 8 6 , G r o o p m a n a n d K e n s l e r 1 9 9 6 , M o n t e s a n o e t a l . 1 9 9 7 ) . A m l a
e t a l . ( 1 9 7 4 ) p r e s e n t e d c i r c u m s t a n t i a l e v i d e n c e t o i n d i c a t e t h a t c h i l d r e n
e x p o s e d t o a f l a t ox in s t h r o u g h breas t m i l k a n d d i e t a r y i t e m s m a y d e v e l o p
c i r rhos i s . T h e y d e t e c t e d A F B , i n 7 % o f u r i n e samples f r o m c i r r h o t i c c h i l d r e n .
N o a n i m a l species are res i s tan t t o t h e acu te t o x i c e f fec t s o f a f l a tox in s . A 
w i d e v a r i a t i o n i n L D 5 0 va lues has b e e n o b t a i n e d i n a n i m a l species t e s t e d w i t h
s ingle doses o f a f l a t o x i n s . For m o s t species, t h e L D 5 0 va lue ranges f r o m 0.5 t o
1 0 m g k g - 1 b o d y w e i g h t . A n i m a l species r e s p o n d d i f f e r e n t l y i n t h e i r
s u s c e p t i b i l i t y t o t h e c h r o n i c a n d acu te t o x i c i t y o f a f l a tox in s . E n v i r o n m e n t a l
fac to r s , e x p o s u r e l eve l a n d d u r a t i o n o f e x p o s u r e besides age, h e a l t h a n d
n u t r i t i o n a l s ta tus o f d i e t can i n f l u e n c e t h e t o x i c i t y .
Severa l o u t b r e a k s o f a f l a tox icos i s i n p o u l t r y have b e e n r e p o r t e d f r o m
I n d i a . T h e disease s y m p t o m s i n c l u d e d severe a n d s u d d e n ano rex ia , loss o f
w e i g h t , s tagger ing gai t , c o n v u l s i v e m o v e m e n t s , f e e d re fusa l a n d d r o p i n egg
p r o d u c t i o n . P o s t - m o r t e m e x a m i n a t i o n o f d e a d b i r d s r e v e a l e d l i v e r les ions o f
v a r y i n g s e v e r i t y ( C h a r e t a l . 1 9 8 2 , C h o u d a r y 1 9 8 6 ) . A n increase i n b l o o d
c l o t t i n g t i m e increases t h e s u s c e p t i b i l i t y o f t h e carcass t o b r u i s i n g even a t
doses b e l o w t h a t t o have a n e f f e c t o n g r o w t h . I n p o u l t r y , a f l a tox ins i m p a i r t h e
a v a i l a b i l i t y o f b i l e salts, w h i c h decreases v i t a m i n D 3 p r o d u c t i o n . T h i s causes a 
decrease i n t h e a b s o r p t i o n o f f a t - so lub l e v i t a m i n s .
Severa l o u t b r e a k s o f a f l a tox icos i s i n c a t t l e have b e e n r e p o r t e d . T h e
les ions w e r e c o n f i n e d m a i n l y t o t h e l ive r , s h o w i n g degene ra t i ve changes w i t h
b i l i a r y p r o l i f e r a t i o n a n d f i n a l l y l e a d i n g t o d i f fu se c i r rhos i s ( A l l c r o f t a n d L e w i s
1 9 6 3 ) . A f l a t o x i n M 1 ( A F M 1 ) i s a m a j o r m e t a b o l i t e o f a f l a t o x i n B 1 f o u n d i n
m i l k o f a n i m a l s t h a t have c o n s u m e d feeds c o n t a m i n a t e d w i t h a f l a t o x i n B 1 .
T h e t o x i c a n d c a r c i n o g e n i c e f fec t s o f A F M 1 have b e e n c o n v i n c i n g l y
d e m o n s t r a t e d i n l a b o r a t o r y a n i m a l s a n d t h e r e f o r e A F M 1 i s c lass i f ied a s class
2 B h u m a n c a r c i n o g e n . A F M 1 i s r e l a t i v e l y s table d u r i n g p a s t e u r i z a t i o n , s torage
a n d p r e p a r a t i o n o f va r ious d a i r y p r o d u c t s . T h e r e f o r e , A F M 1 c o n t a m i n a t i o n
poses a s i g n i f i c a n t t h r e a t t o h u m a n h e a l t h espec ia l ly t o c h i l d r e n , w h o are
m a j o r c o n s u m e r s o f m i l k .
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Ochratoxin A 
O c h r a t o x i n A has b e e n i m p l i c a t e d w i t h a f a t a l h u m a n k i d n e y disease r e f e r r e d
t o a s ' B a l k a n E n d e m i c N e p h r o p a t h y ' ( B E N ) c h a r a c t e r i z e d b y c o n t r a c t e d
k i d n e y s . O c h r a t o x i n A has been f o u n d m o r e f r e q u e n t l y i n f o o d samples a n d i n
t h e s e r u m t a k e n f r o m p e o p l e i n v i l lages w i t h B E N t h a n i n areas w h e r e t h e
disease i s u n k n o w n ( P e t k o v a - B o e h a r o v a e t a l . 1 9 8 8 ) . T h e t o x i n i s n e p h r o t o x i c
t o m o s t o f t h e a n i m a l species a n d i n d u c e s l i v e r a n d k i d n e y t u m o r s . T h e r e n a l
les ions associa ted w i t h diseases i n c l u d e d e g e n e r a t i o n o f t h e p r o x i m a l t u b u l e s
a n d i n t e r s t i t i a l f i b ros i s i n t h e r e n a l c o r t e x . Pigs f e d w i t h o c h r a t o x i n A , s h o w e d
r e d u c e d f e e d i n t a k e , w e i g h t loss, i nc r ea sed w a t e r c o n s u m p t i o n , f o l l o w e d b y
p o l y u r e a d i a r r h e a .
Fusarium toxins
Spec ies o f Fusarium are w i d e s p r e a d i n n a t u r e a s saprobes i n d e c a y i n g
v e g e t a t i o n a n d a s pa ras i t e s o n a l l p a r t s o f p l a n t s . M a n y cause diseases o f
e c o n o m i c a l l y i m p o r t a n t p l a n t s . T h e r e are a n u m b e r o f species t h a t p r o d u c e
m y c o t o x i n s , m o s t l y f u m o n i s i n s , z e a r a l e n o n e a n d t r i c h o t h e c e n e s ( T 2 t o x i n ,
d e o x y n i v a l e n o l a n d n i v a l e n o l ) . A f e w c o m m o n e x a m p l e s are d i s c u s s e d
b e l o w .
Fumonisins
A n o u t b r e a k o f p o i s o n i n g , c h a r a c t e r i z e d b y a b d o m i n a l p a i n a n d d i a r r h e a ,
caused by t h e i n g e s t i o n o f f u m o n i s i n - c o n t a m i n a t e d m a i z e (Zea mays) a n d
s o r g h u m i n I n d i a was r e p o r t e d . Peop le i n 2 7 vi l lages i n K a r n a t a k a , I n d i a w e r e
a f f e c t e d a n d t h e disease was seen o n l y i n h o u s e h o l d s w h i c h c o n s u m e d
s o r g h u m o r m a i z e c o n t a m i n a t e d w i t h f u m o n i s i n ( B h a t e t a l . 1 9 9 7 ) .
C o n s u m p t i o n o f f u m o n i s i n - c o n t a m i n a t e d m a i z e has b e e n l i n k e d t o
oesophagea l cancer i n h u m a n s i n T r a n s k e i r e g i o n o f S o u t h A f r i c a , C h i n a a n d
o t h e r c o u n t r i e s ( R h e e d e r e t a l . 1 9 9 2 ) . I n g e s t i o n o f f u m o n i s i n - c o n t a m i n a t e d
m a i z e has b e e n assoc ia ted w i t h spon taneous o u t b r e a k o f
l e u c o e n c e p h a l o m a l a c i a i n horses , a n e u r o l o g i c a l s y n d r o m e c h a r a c t e r i z e d b y
f o c a l , o f t e n e x t e n s i v e , l i q u e f a c t i v e necros is o f t h e w h i t e m a t t e r o f t h e
c e r e b r u m , a n d w h i t e a c u t e p u l m o n a r y e d e m a i n pigs . A l t h o u g h h e p a t i c i n j u r y
has b e e n o b s e r v e d i n a l l v e r t e b r a t e species s t u d i e d , a n u m b e r o f species-
spec i f i c e f fec t s have b e e n i n d u c e d e x p e r i m e n t a l l y b y t h e f u m o n i s i n s o n o t h e r
t a r g e t organs i n c l u d i n g r e n a l i n j u r y a n d l i v e r cancer i n ra ts ,
i m m u n o s u p p r e s s i o n i n c h i c k e n , t o x i c i t y t o b r o i l e r c h i c k e n a n d c h i c k e n
e m b r y o s , n e p h r o t o x i c i t y a n d b r a i n h e m o r r h a g e i n r a b b i t s (Marasas 1 9 9 5 ) .
T2 toxin 
O f t h e Fusarium t r i c h o t h e c e n e s , T 2 i s t h e m o s t t o x i c t h o u g h less w i d e l y
d i s t r i b u t e d t h a n d e o x y n i v a l e n o l . T h e e f fec t s o f t h e f i r s t t r i c h o t h e c e n e t o x i n ,
T 2 , d o c u m e n t e d was i n t h e 1940s w h e r e i t was associa ted w i t h a n o u t b r e a k o f
a l i m e n t a r y t o x i c a l euk ia ( A T A ) . A t i t s peak, i n 1 9 4 4 , t h e p o p u l a t i o n i n t h e
O r e n b u r y d i s t r i c t a n d o t h e r d i s t r i c t s o f t h e t h e n U S S R s u f f e r e d e n o r m o u s
casual t ies; m o r e t h a n 1 0 % o f t h e p o p u l a t i o n was a f f e c t e d a n d m a n y f a t a l i t i e s
o c c u r r e d ( Jo f fe 1 9 8 6 ) . T h e t e r m ' a l i m e n t a r y t o x i c ' re fers t o t h e f ac t t h a t t h e
t o x i n i s c o n s u m e d i n f o o d a n d ' a l e u k i a ' re fers t o t h e r e d u c e d n u m b e r o f
l e u c o c y t e s o r w h i t e b l o o d cel ls i n t h e a f f e c t e d p e r s o n . O t h e r s y m p t o m s
i n c l u d e d b l e e d i n g f r o m nose a n d t h r o a t , a n d m u l t i p l e , subcu taneous
h e m o r r h a g e s . T h e i n f e c t e d f o o d i n t h i s case was m i l l e t , w h i c h m a d e u p a great
p a r t o f t h e d i e t o f t h e p e o p l e i n t h e r e g i o n , a n d a t t i m e s , d u r i n g W o r l d W a r I I ,
i t was n o t u n c o m m o n t o a l l o w t h e m i l l e t t o b e l e f t s t a n d i n g i n t h e f i e lds ove r
w i n t e r because b a d w e a t h e r i n t h e f a l l p r e v e n t e d i t s harves t a t t h e p r o p e r
t i m e . D u r i n g la te w i n t e r a n d ea r ly s p r i n g t h e m i l l e t w o u l d b e c o m e i n f e c t e d
w i t h var ious f u n g i , i n c l u d i n g F . tricinctum, a n d w h e n t h e p e o p l e g a t h e r e d a n d
ate t h i s fungus , m a n y w e r e a f f e c t e d w i t h w h a t was d i agnosed a s A T A .
T h o u s a n d s w e r e a f f e c t e d a n d m a n y d i e d ( Jof fe 1 9 8 6 ) .
I n pigs, t h e c l i n i c a l signs o f T 2 t o x i c o s i s i n c l u d e emesis , p o s t e r i o r paresis,
l e t h a r g y a n d f r e q u e n t d e f e c a t i o n . A t l o w levels o f c o n t a m i n a t i o n i n t h e d i e t T 2
t o x i n causes r e d u c e d f e e d i n t a k e a n d a n i m a l p e r f o r m a n c e . A t h i g h
c o n c e n t r a t i o n s ( > 2 m g kg - 1 ) i n t h e d i e t i t p r o d u c e s d i a r rhea , emesis a n d f e e d
re fusa l . T 2 t o x i c o s i s i n p o u l t r y causes o r a l les ions , r e d u c e d f e e d c o n s u m p t i o n ,
r e d u c e d g r o w t h ra t e a n d egg p r o d u c t i o n i n l a y i n g hens . I n r u m i n a n t s t h e T 2
t o x i c o s i s r e su l t s in a w i d e range o f responses, s u c h as f e e d re fusa l , l e u k o p e n i a ,
d e p r e s s i o n , d i a r rhea , coagu lopa thy , e n t e r i t i s a n d p o s t e r i o r a t ax ia . R e d u c t i o n o f
h u m o r a l i m m u n i t y i s a c o m m o n e f f e c t f o r pigs, p o u l t r y a n d r u m i n a n t s a n d
w h e n e x p o s e d t o l o w c o n c e n t r a t i o n s o f T 2 t o x i n i n t h e d i e t s h o w e d inc reased
s u s c e p t i b i l i t y t o o t h e r diseases.
Zearalenone
Z e a r a l e n o n e a n d r e l a t e d m e t a b o l i t e s pose s t r o n g es t rogen ic a c t i v i t y a n d can
r e s u l t i n severe r e p r o d u c t i v e a n d i n f e r t i l i t y p r o b l e m w h e n f e d t o d o m e s t i c
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an ima l s i n s u f f i c i e n t a m o u n t s . Pigs appear t o b e m o s t sens i t ive ; t h e r e f o r e , t h e y
are m o s t f r e q u e n t l y r e p o r t e d w i t h p r o b l e m s caused b y zeara lenone , w h i c h
i n c l u d e e n l a r g e m e n t o r s w e l l i n g a n d r e d d e n i n g o f t h e v u l v a i n g i l t s a n d sows,
s w e l l i n g o f m a m m a r y g l a n d a n d a t r o p h y , a n d p ro l apse o f t h e ovar ies , vagina
a n d r e c t u m . I n y o u n g m a l e pigs zea ra lenone can cause s w e l l i n g o f t h e p r e p u c e ,
t e s t i c u l a r a t r o p h y a n d e n l a r g e m e n t o f t h e m a m m a r y glands , w h i l e i n boars i t
causes r e d u c e d l i b i d o a n d m a r g i n a l r e d u c t i o n i n s p e r m q u a l i t y .
Deoxynivalenol
D e o x y n i v a l e n o l i s also c a l l e d v o m i t o x i n a n d i s t h e m o s t i m p o r t a n t t r i c h o t h e c e n e
because o f i t s h i g h i n c i d e n c e i n cereals, b u t i t i s n o t one o f t h e m o s t a c u t e l y t o x i c
o f t h i s g r o u p o f m y c o t o x i n s ( R o t t e r e t a l . 1 9 9 6 ) . A t ce l lu l a r l eve l t h e m a i n t o x i c
ef fec t i s i n h i b i t i o n o f p r o t e i n synthesis via b i n d i n g t o r ibosomes . I n an imals , t h e
o v e r t e f f ec t a t l o w d i e t a r y c o n c e n t r a t i o n s ( > 2 m g g - 1 ) appears t o b e a r e d u c t i o n
i n f o o d c o n s u m p t i o n a n d w e i g h t gain, w h i l e h ighe r doses ( > 2 0 m g g 1 ) i n d u c e
feed refusal , d ia r rhea a n d v o m i t i n g . D e o x y n i v a l e n o l i s k n o w n t o a l t e r b r a i n
n e u r o c h e m i c a l s , a n d se ro ton ine rg ic sys t em appears t o p l ay a r o l e i n m e d i a t i o n o f
t h e f eed ing behav io r a n d e m e t i c response. A n i m a l s f e d l o w doses o f t o x i n are
able t o r ecover f r o m i n i t i a l w e i g h t loss, w h i l e h ighe r doses i n d u c e m o r e l o n g -
t e r m changes i n f eed ing behavior . Pigs are m o r e sensi t ive t h a n o t h e r l i ve s tock t o
t h e presence o f d e o x y n i v a l e n o l i n t h e i r f eed . M o s t o f t h e c l i n i c a l signs caused b y
t h e inges t ion o f d e o x y n i v a l e n o l are also o b s e r v e d w i t h n i v a l e n o l , t h e l a t t e r b e i n g
genera l ly m o r e t o x i c .
E c o n o m i c losses c a u s e d b y m y c o t o x i n s i n s o r g h u m
a n d p e a r l m i l l e t
S o m e fac tors t h a t i n f l u e n c e t h e degree o f fungal i n f e s t a t i o n a n d m y c o t o x i n
c o n t a m i n a t i o n i n cereals are t h e p r e v a i l i n g w e a t h e r c o n d i t i o n s and t h e
s u s c e p t i b i l i t y o f t h e c r o p t o funga l invas ion a n d m y c o t o x i n c o n t a m i n a t i o n
( V i s c o n t i 1 9 9 6 ) . D u r i n g t h e seasons o f ex tens ive m y c o t o x i n c o n t a m i n a t i o n ,
g ra in shortages m a y o c c u r l ead ing t o e l eva ted pr ices f o r g ra in a n d costs f o r
l i ve s tock a n d p o u l t r y p r o d u c e r s a n d consumers o f g ra in p r o d u c t s .
M y c o t o x i g e n i c funga l i n f e s t a t i o n m a y r e d u c e c r o p y ie lds , seed g e r m i n a t i o n
rates, seedl ing v igo r a n d g ra in qua l i ty . M y c o t o x i n c o n t a m i n a t e d grains are
d o w n g r a d e d f r o m f o o d t o f eed , a n d a d d i t i o n a l c lean ing a n d m i l l i n g p r o c e d u r e s
m a y b e r e q u i r e d t o r e d u c e c o n t a m i n a t i o n , a n d e x p o r t m a r k e t s are a f f ec t ed .
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A m o n g a l l t h e m y c o t o x i n s , a f l a t o x i n B 1 i s t h e m o s t t o x i c , c a r c i n o g e n i c
a n d i m m u n o s u p p r e s s i v e agent t o h u m a n be ings a n d l i v e s t o c k . M y c o t o x i n
e x p o s u r e i n h u m a n s increases m e d i c a l a n d w e l f a r e costs , a n d r educes
i n c o m e p o t e n t i a l o f t h e i n d i v i d u a l . C o n s u m e r p r o b l e m s are r e l a t e d t o less
n u t r i t i o u s f o o d , i n c r e a s e d h e a l t h r i sks i n years o f severe m y c o t o x i n
c o n t a m i n a t i o n , h i g h e r p r o d u c t p r i ce s a n d l o n g - t e r m c h r o n i c e f f ec t s f r o m
l o w c o n t a m i n a t i o n .
M o s t e c o n o m i c losses d u e t o c o n s u m p t i o n o f m y c o t o x i n c o n t a m i n a t e d
d i e t b y f a r m an ima l s r e s u l t f r o m r e d u c e d a n i m a l p r o d u c t i o n a n d inc reased
disease i n c i d e n c e . L i v e s t o c k p r o d u c e r s are a f f e c t e d b y inc reased p r o d u c t i o n
cost d u e t o h i g h e r m o r t a l i t y rates, r e p r o d u c t i v e fa i lures ( a b o r t i o n s ) , r e d u c e d
f e e d e f f i c i e n c y a n d o v e r a l l q u a l i t y loss. Presence o f m y c o t o x i n s i n p o u l t r y f eed
causes adverse e f fec ts on l a y i n g h e n a n d b r o i l e r ch i cks . M o r e o v e r ,
c o n s u m p t i o n o f f e e d c o n t a i n i n g a c o m b i n a t i o n o f t o x i n s has a grea ter adverse
e f f e c t on p o u l t r y t h a n w h e n feeds c o n t a i n i n g a s ingle t o x i n are f e d . Pigs are
v e r y sens i t ive t o Fusarium m y c o t o x i n s i n t h e i r d i e t . D e o x y n i v a l e n o l can cause
r e d u c e d f e e d i n t a k e , v o m i t i n g a n d r e d u c e d b o d y w e i g h t ga in . D e l a y i n t h e
t i m e t a k e n f o r pigs t o reach t h e i d e a l m a r k e t i n g b o d y w e i g h t o r m a r k e t i n g pigs
b e l o w n o r m a l w e i g h t can have ser ious e c o n o m i c consequences f o r p i g
p r o d u c e r s . E c o n o m i c i m p l i c a t i o n s o f a n i m a l f e e d c o n t a m i n a t e d w i t h
f u m o n i s i n s are s ign i f i can t , espec ia l ly i f c o n t a m i n a t i o n resu l t s i n d e a t h o f
l i v e s t o c k .
M y c o t o x i n c o n t a m i n a t i o n i n cereal a n d l e g u m e b y p r o d u c t s i s h a m p e r e d
b y s t r i c t r e g u l a t i o n o f m a n y c o u n t r i e s . G r o u n d n u t e x p o r t was s i g n i f i c a n t l y
r e d u c e d b o t h i n A s i a a n d A f r i c a because o f v e r y l o w p e r m i s s i b l e levels o f
a f l a t o x i n B 1 . T h u s t h e r e d u c t i o n i n t h e l e v e l o f m y c o t o x i n s i n a g r i c u l t u r a l
p r o d u c t s f o r f o o d a n d f e e d i s o f h i g h i m p o r t a n c e . Table 1 shows t h e
p e r m i s s i b l e l e v e l o f s o m e o f t h e m y c o t o x i n s i n cereals.
D e t e c t i o n t e c h n o l o g i e s
Several p h y s i o - c h e m i c a l m e t h o d s are avai lable f o r e s t i m a t i o n o f m y c o t o x i n s .
These m e t h o d s are expens ive a n d t i m e c o n s u m i n g . A t t h e I n t e r n a t i o n a l C r o p s
Research I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s ( I C R I S A T ) , Pa tancheru , A n d h r a
Pradesh , I n d i a , w e have d e v e l o p e d a n E L I S A ( e n z y m e - l i n k e d i m m u n o s o r b e n t
assay)-based d e t e c t i o n t e c h n i q u e , w h i c h i s cost e f f e c t i v e a n d less t i m e
c o n s u m i n g . W e have p r o d u c e d m o n o c l o n a l a n d p o l y c l o n a l a n t i b o d i e s f o r
a f l a t o x i n B 1 a n d d e t e r m i n e d t h e A F B 1 q u a n t i t i e s i n va r ious foods a n d f e e d
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m a t e r i a l s . We have also p r o d u c e d p o l y c l o n a l a n t i b o d i e s against a f l a t o x i n M 1
a n d o c h r a t o x i n A , a n d d e v e l o p e d t e c h n o l o g y t o d e t e c t these t o x i n s i n m i l k ,
foods a n d feeds . W e are i n t h e process o f r e f i n i n g t h e E L I S A t e s t f o r f u m o n i s i n
d e t e c t i o n .
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Table 1 . W o r l d w i d e r e c o m m e n d e d regula tory l imits on Fusarium m y c o t o x i n s in
cerea ls a n d cerea l p r oduc ts .
Country
Austria
Brazil
Canada
France
Netherlands
Romania
Russia
Switzerland
Uruguay
USA
Mycotoxin
Deoxynivalenol
Zearalenone
Zearalenone
Deoxynivalenol
Deoxynivalenol
All mycotoxins
Zearalenone
All mycotoxins
Zearalenone
T2 toxin
Zearalenone
Fumonisins
Zearalenone
Deoxynivalenol
Deoxynivalenol
Fumonisins
Commodity
Wheat, rye/durum wheat
Wheat, rye, durum wheat
Maize
Uncleaned soft wheat (food)
Diets for swine, young calves, lactating
dairy animals, cattle, poultry
Feedstuff for reproducing animals
Cereals
Cereals (products)
All foods
Cereals (wheat, hard and strong type),
flour, wheat bran
Cereals (wheat, hard and strong type),
flour, wheat bran
Maize (products)
Maize, barley
Finished wheat products (food)
Grains and grain byproducts for feed
Maize (products) for feed
Limit (ng g-1)
500-750
60
200
2,000
1,000
5,000
0
200
0
30
100
1,000
1,000
200
1,000
5,000 -10.000 1
5,000 -50,000 2
1. 5,000 ng g-1 feed for pigs (not exceeding 40% of the diet); 10,000 ng g-1 feed for ruminating beef and feed lot cattle
older than 4 months and for chicken (not exceeding 50% of the cattle or chicken total diet).
2. Feed for horses (5,000 ng g-1), pigs (10,000 ng g-1), and beef cattle and poultry (50,000 ng g-1).
Source: FAO (1997).
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R e c e n t l y w e p r o d u c e d p o l y c l o n a l an t i bod i e s t o f u m o n i s i n B 1 . L i k e m o s t
o f t h e m y c o t o x i n s , f u m o n i s i n s are also l o w m o l e c u l a r w e i g h t c o m p o u n d s .
S ince t h e l o w m o l e c u l a r w e i g h t c o m p o u n d s d o n o t s t i m u l a t e t h e i m m u n e
s y s t e m i n w a r m - b l o o d e d an imals , i t i s essent ial t o t ag these c o m p o u n d s t o a 
b igger p r o t e i n m o l e c u l e , such a s b o v i n e s e r u m a l b u m i n ( B S A ) . T o p r o d u c e
p o l y c l o n a l a n t i b o d i e s f o r f u m o n i s i n B 1 , w e p r e p a r e d f u m o n i s i n - B S A conjuga te
(Feng-Yih Y u a n d C h u 1 9 9 6 ) . T h e r a b b i t was i m m u n i z e d 5 t i m e s ( 3
subcu taneous a n d 2 i n t r a - m u s c u l a r ) each w i t h 2 5 0 m g F B I - B S A conjuga te
a n d 8 - 9 b leed ings w e r e m a d e f o r s e r u m c o l l e c t i o n . H i g h t i t e r e d a n t i b o d i e s
w e r e o b t a i n e d a n d a n E L I S A m e t h o d was s t a n d a r d i z e d .
Severa l a n i m a l f e e d samples w e r e t e s t e d f o r f u m o n i s i n c o n t e n t us ing t h e
a n t i b o d i e s p r o d u c e d . D i f f e r e n t e x t r a c t i o n m e t h o d s w e r e used . W e f aced
s o m e d i f f i c u l t i e s i n e x t r a c t i o n o f f u m o n i s i n f r o m c r o p res idues . O n e h u n d r e d
s o r g h u m s t r a w samples m e a n t f o r c a t t l e f e e d w e r e c o l l e c t e d f r o m m a r k e t s o f
A n d h r a Pradesh a n d ana lyzed f o r a f l a t o x i n s a n d f u m o n i s i n B , . A l l t h e samples
w e r e f ree f r o m a f l a tox ins ; h o w e v e r , 4 5 % o f t h e samples c o n t a i n e d > 1 0 0 u g
kg - 1 f u m o n i s i n B 1 ( range 1 0 0 - 1 6 0 0 ug kg - 1 ) . As we have r e c e n t l y d e v e l o p e d t h e
tes t f o r f u m o n i s i n s , w e can n o w tes t m a n y m o r e samples t o u n d e r s t a n d b e t t e r
t h e i m p o r t a n c e o f f u m o n i s i n c o n t a m i n a t i o n a n d i t s i m p l i c a t i o n o n h u m a n a n d
l i v e s t o c k h e a l t h .
C o n c l u s i o n s
M y c o t o x i n s are d i s t r i b u t e d w i d e l y i n cereal crops , t o t h e e x t e n t u b i q u i t y i n
c e r t a i n crops g r o w n in specif ic regions and seasons. In cereals, g ra in q u a l i t y as
w e l l a s s t r a w q u a l i t y are i m p o r t a n t i n r e l a t i o n t o a n i m a l f e e d purpose .
M y c o t o x i n c o n t a m i n a t i o n i n s o r g h u m a n d pea r l m i l l e t gra in was r e p o r t e d i n
d i f f e r e n t par ts o f t h e w o r l d . H o w e v e r , l i t e r a t u r e ava i l ab i l i ty o n m y c o t o x i n s i n
cereal s t r a w is scanty. Since cereal s t r a w is u sed fo r a n i m a l f eed ve ry extens ively ,
i t i s essential t o m o n i t o r t h e cereal s t r a w fo r m y c o t o x i n c o n t a m i n a t i o n .
M o r e o v e r , af ter c r o p harvest , cereal s t r a w i n storage gets e x p o s e d t o h i g h
t e m p e r a t u r e a n d h i g h h u m i d i t y t h a t are c o n d u c i v e fo r t h e g r o w t h o f m o l d f u n g i
a n d subsequent m y c o t o x i n p r o d u c t i o n . T o some e x t e n t , t h e presence o f sma l l
a m o u n t s o f m y c o t o x i n s i n cereals a n d r e l a t e d f o o d p r o d u c t s i s unavo idab le . T h i s
necessitates m o n i t o r i n g o f t h e f o o d and f eed samples a t regular in te rva ls . S o m e
o f t h e t echno log ies available a t I C R I S A T can h e l p d i f f e r e n t groups o f peop l e fo r
b e t t e r m o n i t o r i n g a n d analysis o f t h e i r p r o d u c t s fo r m y c o t o x i n s .
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Cereal Grain Procurement, Storage and
Handling Systems for Commercial Use
S Sivakumar1
Abstract
For historical reasons, the grain procurement, storage and handling systems in 
India have evolved to suit a shortage economy. The focus has been on maximizing 
production, productivity and minimizing wastages in that order Supply-driven 
value chains built in such a context create a disconnect between the way a farmer 
sells (physical properties), a processor adds value (chemical properties) and a 
consumer buys (rheological and organoleptic properties). Aggregation of grain 
without preserving its identity while storing at FCl warehouses in the Government 
system, and while transporting from mandis in the private marketing system 
creates the classical 'lemons problem'. 
Consumer-centric market economy must be supported by demand-driven 
storage and handling systems. The information related to the varied needs of 
multiple market segments needs to flow back seamlessly along the chain to enable 
producers deliver differentiated products to the consumers efficiently. 
Agribusiness firms in the developed world have met this need for identity 
preservation through models like vertical integration and contract farming. 
Large-scale replication of such models in India is not viable because the Indian 
farmers are fragmented, dispersed and heterogeneous. The problem is further 
compounded by weak infrastructure - physical, social and institutional. 
However, by deploying information technology creatively through models 
like virtual integration, one can build efficient value chains even in India, 
notwithstanding above constraints. Information technology also helps in building 
traceability systems, which ensure visibility of the grain identity to the whole 
chain during the entire process of storage and handling from farmer to the 
consumer. Success of such a system depends heavily on linkages with the scientific 
community for decoding product chemistry from consumer perspective. 
G r a i n p r o c u r e m e n t , storage, a n d h a n d l i n g sys tems i n I n d i a have e v o l v e d t o
su i t a shor tage e c o n o m y . Research a n d e x t e n s i o n e f fo r t s o f g o v e r n m e n t
organ iza t ions have p r i m a r i l y been o r i e n t e d t o w a r d s y i e l d i m p r o v e m e n t s a n d
increas ing t o t a l p r o d u c t i o n b y c r o p c o m m o d i t i e s . T h e M i n i m u m S u p p o r t
Pr ice S c h e m e f o r r i c e a n d w h e a t has e v e n t u a l l y m a d e t h e g o v e r n m e n t t h e
p r i m a r y buye r . G r a i n p r o c u r e m e n t i s f a c i l i t a t e d t h r o u g h t h e F o o d
1. I T C L i m i t e d , 3 1 Saro j in i D e v i Road, Secunderabad 5 0 0 0 0 3 , A n d h r a Pradesh, I n d i a .
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Figure 1. A diagrammatic representation of the food value chain. 
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C o r p o r a t i o n o f I n d i a ( F C I ) . A c o m b i n a t i o n o f t r a d i t i o n a l a n d m o d e r n
i n f r a s t r u c t u r e exis ts f o r sa fekeep ing a n d wastage r e d u c t i o n d u r i n g g ra in
storage a n d h a n d l i n g . T h u s , t h e focus has been o n m a x i m i z i n g g r a i n
p r o d u c t i o n and p r o d u c t i v i t y , a n d m i n i m i z i n g wastage .
T h e f o o d v a l u e c h a i n
T h e f o o d va lue c h a i n p r i m a r i l y has t h r e e e l e m e n t s (as s h o w n i n F ig . 1 ) :
1 . P r i m a r y p r o d u c t i o n : H i g h g r a i n y i e ld s d e p e n d o n favorab le c l i m a t e , so i l a n d
w a t e r resources , a n d o t h e r a g r i c u l t u r a l i n p u t s , i n c l u d i n g h i g h - y i e l d i n g
var ie t i e s .
2 . Processing: E f f i c i e n t m e t h o d s o f m i l l i n g , c u r i n g a n d p r e s e r v i n g are essent ia l .
3 . R e t a i l : Q u a l i t y p r o d u c t s can b e m a d e avai lable t h r o u g h e f f i c i e n t sys tems f o r
g rad ing , packag ing a n d m e r c h a n d i z i n g .
T h e m a r k e t f u n c t i o n s i n c l u d e exchange ( b u y i n g , s e l l i ng ) , p h y s i c a l
i n f r a s t r u c t u r e (s torage, t r a n s p o r t a t i o n , p rocess ing) , a n d f a c i l i t a t i n g ( f i n a n c i n g ,
i n f o r m a t i o n , r i s k bea r ing) f u n c t i o n s .
F o o d e c o n o m y i n I n d i a a n d its i m p l i c a t i o n s
T h e s u p p l y - d r i v e n va lue chains d i f f e r i n t h e exchange processes a long t h e
c h a i n . For e x a m p l e , t h e f a r m e r sells t h e p r o d u c t (gra in) based o n p h y s i c a l
p r o p e r t i e s ; a g r a i n processor adds va lue based on c h e m i c a l p r o p e r t i e s o f g ra in ;
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a n d t h e c o n s u m e r buys t h e p r o d u c t s based o n o rgano l ep t i c p r o p e r t i e s .
Fa rmers g r o w m u l t i p l e var ie t ies t o su i t d i f f e r e n t a g r o c l i m a t i c c o n d i t i o n s ( so i l
f e r t i l i t y , so i l t y p e , r a i n f a l l p a t t e r n , t e m p e r a t u r e , e t c ) . H o w e v e r , t h e g ra in loses
i t s source i d e n t i t y a f te r aggregat ion w h i l e s t o r i n g a t warehouses b y t h e
g o v e r n m e n t a n d t r a n s p o r t i n g b y v i l l age t r ade r s a n d t h e p r i v a t e sector. T h e
aggregat ion o f g r a i n w i t h o u t p r e se rv ing i t s i d e n t i t y resul ts i n t h e classical
' l e m o n s p r o b l e m ' .
C o n s u m e r - c e n t r i c m a r k e t e c o n o m y m u s t b e s u p p o r t e d b y d e m a n d -
d r i v e n storage a n d h a n d l i n g sys tems. C o n s u m e r s p r e f e r d i f f e r e n t p r o d u c t s t o
su i t v a r i e d f o o d p r e p a r a t i o n s a n d i n d i v i d u a l tastes. T h e i n f o r m a t i o n o n
c o n s u m e r p re fe rences a n d r e q u i r e m e n t s o f m u l t i p l e m a r k e t segments n e e d t o
f l o w seamlessly a long t h e c h a i n t o enable p r o d u c e r s d e l i v e r d i f f e r e n t p r o d u c t s
t o t h e v a r y i n g needs o f d i f f e r e n t c o n s u m e r s e f f i c i e n t l y . T h e i n f r a s t r u c t u r e
s h o u l d b e e q u i p p e d w i t h t r a c e a b i l i t y sys tems t o p reserve i d e n t i t y o f t h e
source ( o f d i f f e r e n t va r ie t i e s o f t h e same c r o p ) .
Agr ibus ine s s f i r m s i n t h e d e v e l o p e d w o r l d have p r e s e r v e d t h e source
i d e n t i t y o f t h e g ra in p r o d u c e d t h r o u g h m o d e l s such a s v e r t i c a l i n t e g r a t i o n o f
t h e f o o d va lue cha in a n d c o n t r a c t f a r m i n g . Large-scale r e p l i c a t i o n o f such
m o d e l s i n I n d i a i s n o t v iab le because t h e l a n d h o l d i n g s o f I n d i a n f a rmer s are
s m a l l , f r a g m e n t e d , d i spe r sed and he te rogeneous . T h e social i m p e r a t i v e o f
ach i ev ing g loba l c o m p e t i t i v e n e s s i n e m e r g i n g e c o n o m i e s l i k e I n d i a i s t o b r i n g
t h e p o w e r o f scale t o t h e s m a l l f a r m e r s r a t h e r t h a n d i s p l a c i n g t h e m . T h e
p r o b l e m i s f u r t h e r aggravated b y w e a k i n f r a s t r u c t u r e (phys i ca l , social a n d
i n s t i t u t i o n a l ) . N u m e r o u s i n t e r m e d i a r i e s are p re sen t i n t h e a g r i c u l t u r a l va lue
chains o f d e v e l o p i n g e c o n o m i e s . These i n t e r m e d i a r i e s o r m i d d l e m e n are a 
necessary e v i l . T h e y are necessary because t h e y n o t o n l y m a k e u p f o r t h e l ack
o f i n f r a s t r u c t u r e b u t also b l o c k t h e i n f o r m a t i o n f l o w a n d m a r k e t signals f o r
t h e i r o w n b e n e f i t , t h e r e b y m a k i n g t h e c h a i n u n c o m p e t i t i v e . M a n y
' m i d d l e m e n ' have e x p l o i t e d t h e sma l l f a r m e r s b y s p i n n i n g a cyc l e o f
d e p e n d e n c y s t a r t i n g w i t h c r e d i t , l e ad ing t o i n p u t sales a n d t h e n o n t o o u t p u t
purchases . N o m a t t e r w h e t h e r t h e i n p u t i s o f spur ious q u a l i t y o r t h e p r i c e b i d
f o r o u t p u t i s l o w , f a rmer s have t o go back t o t h e same i n t e r m e d i a r y because
t h e p e r s o n of fers t h e m o s t f l e x i b l e f i n a n c i n g o p t i o n . T h i s e n v i r o n m e n t has
h e l d t h e I n d i a n f o o d a n d a g r i c u l t u r a l c h a i n a t a l o w - l e v e l e q u i l i b r i u m ,
n o t w i t h s t a n d i n g t h e p o t e n t i a l ups ide , i n l i g h t o f t h e large arable l a n d i n
m u l t i p l e a g r o c l i m a t i c c o n d i t i o n s a s w e l l a s s o u n d p u b l i c a g r i c u l t u r a l research
s y s t e m .
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A l t e r n a t i v e s i n m a r k e t c h a i n
Several a l t e rna t ives have b e e n t r i e d f r o m t i m e t o t i m e t o p u l l t h e sec to r o u t o f
t h i s v i c ious c y c l e . P r o d u c e r s ' c o o p e r a t i v e has b e e n one such s y s t e m . W h i l e
t h e r e are a f e w success s tor ies a m o n g coope ra t ives , r e p l i c a t i o n across d i f f e r e n t
c rops on a large scale has n o t b e e n sat is factory. F u r t h e r t h e r e are l i m i t a t i o n s in
t e c h n o l o g y a c q u i s i t i o n a n d m a r k e t i n g capab i l i t i e s . T h e t h r e e - t i e r c o o p e r a t i v e
s t r u c t u r e o f A m u l ( t h e m o s t successful a m o n g t h e p r o d u c e r s ' coope ra t i ve s i n
I n d i a , d e a l i n g w i t h m i l k a n d m i l k p r o d u c t s ) , l e d b y s m a l l - f a r m e r p r o d u c t i o n ,
aggregated process ing a t t h e d i s t r i c t l e v e l a n d a f u r t h e r aggregated m a r k e t i n g
at t h e s ta te l e v e l , i s a s u p p l y - d r i v e n m o d e l t h a t i s m o r e a p p r o p r i a t e in a 
shor tage e c o n o m y . T h e t r a n s i t i o n t o a d e m a n d - d r i v e n c o m p e t i t i v e m a r k e t
c o n d i t i o n w i l l b e a n i n t e r e s t i n g cha l l enge t o o v e r c o m e , g i v e n t h e p r e v a i l i n g
l a n d o w n e r s h i p s t r u c t u r e .
C o n t r a c t f a r m i n g i s a n o t h e r v iab le s o l u t i o n a l t h o u g h i t has n o t b e e n
successful on a large scale d u e to c r e d i t r isks a n d h i g h costs. T h e o r e t i c a l l y , i t i s
t h e m o s t e f f i c i e n t l i n k b e t w e e n t h e c o n s u m e r a n d t h e f a r m e r because t h e
c o n t r a c t i n g c o m p a n y can p r o v i d e t h e avai lable i n p u t s a n d bes t p rac t i ces t o t h e
f a rmer s , besides p r o v i d i n g m a r k e t l inkages . T h e ef fec t iveness is, h o w e v e r ,
l i m i t e d t o some c rops ( such a s pe r i shab le , h o r t i c u l t u r a l c rops ) t h a t have
n a t u r a l r e c i p r o c a l d e p e n d e n c y i n t h e va lue c h a i n b e t w e e n t h e f a r m e r a n d t h e
c o m p a n y t h a t p r o v i d e s a n e c o n o m i c i n c e n t i v e f o r t h e m t o stay t o g e t h e r i n t h e
l o n g r u n . La rge v o l u m e c o m m o d i t i e s such a s g r a i n c rops are n o t t h e i dea l
cand ida tes f o r c o n t r a c t f a r m i n g because t h e n a t u r a l r e c i p r o c a l d e p e n d e n c y i s
n o t v e r y h i g h .
Even tua l l y , t h e r e i s a n e e d f o r t h e e m e r g e n c e o f c o n s u m e r - o r i e n t e d
business en te rp r i ses spann ing t h e f o o d and a g r i c u l t u r a l sector . B u t t h e c u r r e n t
G o v e r n m e n t po l i c i e s - n o t a b l y h i g h a n d m u l t i p l e taxes , r e s t r i c t i o n s o n
m o v e m e n t o f goods - b e n e f i t t h e u n s c r u p u l o u s p layers i n t h e m a r k e t c h a i n
because t h e r e are la rger p r o f i t s i n t a x evasion a n d a d u l t e r a t i o n , m a k i n g t h e
l o n g - t e r m o r i e n t e d , c o n s u m e r - f o c u s e d businesses u n v i a b l e .
T h e f u t u r e
D e s p i t e t h e above cons t r a in t s , e f f i c i e n t va lue chains can b e b u i l t even i n I n d i a
b y u s i n g i n f o r m a t i o n t e c h n o l o g y c r e a t i v e l y t h r o u g h m o d e l s l i k e v i r t u a l
i n t e g r a t i o n . T h e va lue c h a i n s h o u l d b e d e m a n d d r i v e n , w i t h t h e f a r m e r h a v i n g
a f r e e d o m o f c h o i c e o n f a r m i n g dec is ions ( c o n t r a s t e d w i t h t h e e x p l o i t a t i v e
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c y c l e o f d e p e n d e n c y spun b y t h e t r a d i t i o n a l i n t e r m e d i a r y a n d m i d d l e m e n ) .
T h e business m o d e l s h o u l d b e able t o d e l i v e r e f f ec t ive service a t l o w cost
n o t w i t h s t a n d i n g t h e f r a g m e n t a t i o n , d i spe r s ion , h e t e r o g e n e i t y a n d w e a k
i n f r a s t r u c t u r e . T h e I T C L i m i t e d ' s e C h o u p a l [ a v i l lage g r o u p us ing i n f o r m a t i o n
a n d c o m m u n i c a t i o n t e c h n o l o g y ( I C T ) - b a s e d i n f o r m a t i o n shar ing] i s b u i l t o n
these v e r y p r i n c i p l e s . I t gives t h e f a r m e r a n e n d - t o - e n d c o m p l e t e s o l u t i o n
( i n f o r m a t i o n l i k e c o m m o d i t y pr ices a n d loca l w e a t h e r forecasts, k n o w l e d g e o n
bes t f a r m prac t i ces , q u a l i t y i n p u t s , a n d access t o c r e d i t a n d o u t p u t m a r k e t s ) .
I t e m p o w e r s t h e f a r m e r t o t r ansac t sale o f g ra in f r o m h o m e , ins tead o f
i n c u r r i n g t r a n s p o r t a t i o n cos t t o t h e m a r k e t - y a r d , a s r e q u i r e d i n t h e t r a d i t i o n a l
m a r k e t i n g s y s t e m . Because t h e g r a i n i s b o u g h t d i r e c t l y f r o m t h e f a r m e r a t t h e
vi l lage , t h e r e is a source i d e n t i t y even as t h e p r o d u c t s reach consumers .
I n f o r m a t i o n t e c h n o l o g y also he lps i n b u i l d i n g t r a c e a b i l i t y systems, w h i c h
ensure v i s i b i l i t y o f t h e g ra in i d e n t i t y t o t h e w h o l e c h a i n d u r i n g t h e e n t i r e
process o f s torage a n d h a n d l i n g , f r o m t h e f a r m e r t o t h e consumer .
L o n g - t e r m success o f d e m a n d - d r i v e n va lue c h a i n depends heav i ly o n
l inkages w i t h t h e s c i en t i f i c c o m m u n i t y f o r assessing p r o d u c t q u a l i t y f r o m a 
c o n s u m e r p e r s p e c t i v e , u s ing r a p i d t e s t i n g e q u i p m e n t t h a t can l i n k p h y s i c a l
p r o p e r t i e s w i t h c h e m i c a l p r o p e r t i e s o f g ra in , a s w e l l a s w i t h t h e o r g a n o l e p t i c
p r o p e r t i e s , t o e l i m i n a t e t h e d i s c o n n e c t t h a t exis ts i n t h e s u p p l y - d r i v e n va lue
chains .
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Sorghum: A Potential Source of Raw Mater ia l
for Agro-industries
RB Somani1 and JRN Taylor2
Abstract
Adaptation to poor habitats, poor resource base and production and consumption 
by poorer sections of the society have made sorghum crop an indispensable 
component of dryland agriculture. It is a drought hardy crop, can withstand 
waterlogging and thus excels over maize; it is also ecologically sound and 
environment friendly demanding little pesticide use for crop management. 
Notwithstanding the moderate contribution of sorghum to the national food 
basket, this crop offers enormous advantages such as early maturity, wide 
adaptation, ease of cultivation and good nutritive value of both grain and fodder 
With the green revolution and availability of fine cereals in remote places, proper 
disposition by value addition and establishing food, feed, beverages, sugars and 
alcohol industries will not only generate employment potential but also improve the 
regional economy. Sorghum is a valuable food grain for many of the world's most 
food insecure people. Much of Africa and India is characterized by semi-arid 
tropical climatic conditions. Sorghum is undoubtedly and uniquely adapted in the 
Afro-Asian regions. Sorghum in Africa and Asia is processed into a very wide 
variety of nutritive food products. Documentation, standardization, 
popularization and commercial exploitation of traditional products need 
attention. A large number of accessions are available. Proper selection for the 
requirements of the end users is necessary. Use of new biotechnological tools such 
as anti-sense gene technology to incorporate desired traits is now possible. 
Continuing focused fundamental and applied research is essential to 
unleash sorghum's capacity to be the cornerstone in food, feed, fuel and fiber 
sectors in Afro-Asian countries. Sorghum types of both the continents are different; 
in Africa it is 'milo' based whereas in the Indian subcontinent it is 'caudatum' 
type. More attention on dehulling and debranning of red sorghum and mold 
resistance in white sorghum is anticipated. The future for sweet sorghum or high 
energy sorghum is also bright. Combined efforts of research institutions, private 
seed sector, industry and the government are necessary for its commercial 
exploitation. So far, there was a concept of developing agro-based industry. 
However, we now have to think of industry-based agriculture. 
1.
2 .
" K a v i t a " , O p p . T i l a k Park, R a m d a s p e t h , A k o l a 4 4 4 0 0 4 , Maharash t r a , I n d i a .
D e p a r t m e n t o f F o o d Science, U n i v e r s i t y o f Pre to r ia , Pre tor ia 0 0 0 2 , S o u t h A f r i c a .
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C e r e a l grains have b e e n t h e p r i n c i p l e source o f calories i n t h e h u m a n d i e t ,
w i t h s t a rch c o n t r i b u t i n g 8 0 % o f h u m a n calories i n t a k e . A m o n g cereals,
s o r g h u m ( S o r g h u m b i c o l o r ) i s r a t e d v e r y h i g h fo r d r y m a t t e r a c c u m u l a t i o n ra te
w h e n c o m p a r e d on a d a i l y basis. S i m i l a r l y , s o r g h u m has t h e h ighes t f o o d
energy p e r u n i t c u l t u r a l energy, exceed ing ma ize ( Z e a mays ) silage, sugarcane
( S a c c h a r u m o f f i c i n a r u m ) a n d ma ize grains. Be ing a C4 species, i t i s one o f t h e
m o s t p h o t o s y n t h e t i c e f f i c i e n t p l a n t species p r o d u c i n g d i r e c t l y f e r m e n t a b l e
sugars as w e l l as grains . I t i s one of t h e m o s t idea l crops fo r s imu l t aneous
p r o d u c t i o n o f f o o d a n d energy t h a t can b e c u l t i v a t e d i n b o t h t e m p e r a t e a n d
t r o p i c a l e n v i r o n m e n t s d u e t o i t s d r o u g h t t o l e r a n c e .
A f t e r U S A , I n d i a i s t h e second largest p r o d u c e r o f s o r g h u m gra in . I n
I n d i a , s o r g h u m i s b e i n g g r o w n i n r a i n y a n d p o s t r a i n y seasons. A r e a s o n a b l e l eve l
o f s t a b i l i t y i n g ra in y i e l d has been r e a c h e d i n t h e last decade i n t h e state o f
M a h a r a s h t r a , I n d i a . I n t r o d u c t i o n o f p h o t o - i n s e n s i t i v e , s h o r t - d u r a t i o n and
h i g h - y i e l d i n g h y b r i d s o n a n acreage o f > 9 2 % i n r a i n y season r e s u l t e d i n h ighe r
p r o d u c t i v i t y , ie , u p t o 1.8 t h a 1 . H o w e v e r , even w i t h t h e increase i n h u m a n
p o p u l a t i o n , t h e c o n s u m p t i o n o f t h i s coarse cerea l has n o t inc reased even i n
those regions w h e r e s o r g h u m has b e e n t h e t r a d i t i o n a l s taple g ra in i n t h e past .
A c c o r d i n g t o t h e N a t i o n a l S a m p l e S u r v e y O r g a n i s a t i o n ( 1 9 8 8 ) , c o n s u m p t i o n
o f s o r g h u m a s f o o d i s 4 4 . 3 , 3 1 . 7 , 17 .02 a n d 1 6 . 4 1 % i n M a h a r a s h t r a ,
K a r n a t a k a , G u j a r a t and M a d h y a Pradesh, r espec t ive ly . H o w e v e r , p e r cap i ta
c o n s u m p t i o n o f s o r g h u m has d e c l i n e d f r o m 2 3 . 2 k g y r - 1 i n 1 9 8 1 t o 14 .4 k g
y r - 1 i n 1 9 8 9 . I n M a h a r a s h t r a c o n s u m p t i o n d e c l i n e d f r o m 1 0 6 k g y r - 1 i n 1 9 6 1 t o
6 6 . 7 k g y r 1 i n 1 9 8 9 . A sample survey u n d e r t a k e n b y t h e f i r s t a u t h o r i n
A m r a v a t i d i v i s i o n o f M a h a r a s h t r a d u r i n g 1 9 9 2 - 9 3 r evea l ed f u r t h e r d e c l i n e i n
c o n s u m p t i o n o f s o r g h u m , whereas t h e r e i s a s l igh t increase i n d e m a n d i n u r b a n
areas o n l y f o r p o s t r a i n y season s o r g h u m . T h e f a l l i n c o n s u m p t i o n even i n
r e m o t e areas c o u l d b e a t t r i b u t e d t o p r i c e factor , s tatus o f t h e g ra in , easy
ava i l ab i l i t y o f f i ne cereals such a s w h e a t ( T r i t i c u m a e s t i v u m ) a n d r i ce ( O r y z a
s a t i v a ) t h r o u g h P u b l i c D i s t r i b u t i o n S y s t e m ( P D S ) a n d f i n e r o a d n e t w o r k .
I n V i d a r b h a , M a r a t h w a d a a n d K h a n d e s h regions o f M a h a r a s h t r a ,
s o u t h e r n G u j a r a t a n d w e s t e r n M a d h y a Pradesh, s o r g h u m i s usua l ly g r o w n i n
r a i n y season as a r a i n f e d c r o p . T h e c r o p is u sua l ly caught in rains a t g r a i n - f i l l i n g
stage a n d t h e grains b e c o m e d i s c o l o r e d d u e t o m o l d s . T h e d i s c o l o r e d grains
c a n n o t b e s t o r e d f o r l o n g p e r i o d s a n d have l o w n u t r i t i v e va lue . C o n s i d e r i n g
these fac tors , p r o d u c e r s b r i n g t h e i r d i s c o l o r e d p r o d u c e i m m e d i a t e l y t o t h e
m a r k e t a n d d u e t o g l u t , i t f e tches v e r y l o w p r i c e . H o w e v e r , f a rmer s c a n n o t
s w i t c h ove r t o some o t h e r m o r e r e m u n e r a t i v e crops such a s s u n f l o w e r
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( H e l i a n t h u s annuus) a n d soybean (Glycine max) s ince t h e r e is no a l t e r n a t i v e /
s u b s t i t u t e t o s o r g h u m i n r a i n f e d c r o p p i n g s y s t e m f o r d r y f o d d e r . Un le s s
s u b s t i t u t e f o r c a t t l e f o d d e r i s suggested, s o r g h u m has t o b e g r o w n i r r e s p e c t i v e
o f m a r k e t p r i c e o f g r a i n . T h e r e f o r e , d i v e r s i f i c a t i o n o f i t s uses f o r m a k i n g t h i s
c r o p m o r e r e m u n e r a t i v e i s essent ia l .
S i n c e h i g h l y p r o d u c t i v e s h o r t - d u r a t i o n h y b r i d s are u n d e r c u l t i v a t i o n ,
p r i c e s c o m e d o w n w h e n p r o d u c t i o n exceeds t h e d e m a n d . T h e r e i s t h u s n o
i n c e n t i v e f o r i n c r e a s i n g s o r g h u m p r o d u c t i o n a n d m a n y f a r m e r s t e n d t o k e e p
t h e p r o d u c t i o n a t subs i s t ence l eve l s , w i t h o u t any increase i n i n p u t costs ,
e v e n w h e n o u t p u t p o t e n t i a l o f t h e c r o p i s q u i t e h i g h . P r o d u c e r s are
i n f l u e n c e d b y t w o f ac to r s ; o n e i s t h e m a r k e t p r i c e , w h i c h i s o f t e n l o w e r t h a n
w h e a t a n d m a i z e . T h e s e c o n d f a c t o r i s t h a t d e m a n d f o r s o r g h u m has a degree
o f i n f l e x i b i l i t y , i n t h a t s o m e b u y e r s c a n n o t easi ly change f e e d / f o o d
f o r m u l a t i o n s .
I n A f r i c a , s o r g h u m i s s t i l l l a rge ly a subsis tence f o o d c r o p , b u t i t i s
inc reas ing ly b e i n g used i n b a k e r y a n d beverage i n d u s t r i e s . S o r g h u m grains
f r o m S o u t h A f r i c a have b r o w n / r e d p e r i c a r p a n d s o m e geno types have c o l o r e d
tes ta . T h i s i s d u e t o c o n d e n s e d t a n n i n s k n o w n a s p r o a n t h o c y a n i d i n s l o c a t e d i n
t h e tes ta a n d p e r i c a r p o f t h e g r a i n . Tannins c o n f e r cons ide rab l e a g r o n o m i c
advantages. T a n n i n s o r g h u m s are less a t t r a c t i v e to b i r d p r e d a t i o n , a m a j o r
p r o b l e m i n s o u t h e r n A f r i c a . T h e t a n n i n s also p r o t e c t these s o r g h u m s f r o m
insec t pests a n d diseases. H o w e v e r , t a n n i n s b i n d w i t h b o t h t h e g ra in p r o t e i n s
and enzymes o f t h e d iges t ive t r a c t a n d t h u s r e d u c e t h e n u t r i t i o n a l va lue o f t h e
g r a i n . T h e t a n n i n s also adverse ly a f fec t t h e q u a l i t y o f m a l t b y r e d u c i n g t h e
e n z y m e a c t i v i t y . H o w e v e r , as a d r o u g h t res i s tan t c r o p , s o r g h u m m a y en joy a 
b r i g h t f u t u r e , e spec ia l ly w i t h gene t i c i n p u t s t o n e w f o o d / f e e d g ra in s t ra ins .
S o r g h u m i s c r u c i a l l y i m p o r t a n t t o f o o d s e c u r i t y i n A f r i c a a s i t i s u n i q u e l y
d r o u g h t res i s tan t a m o n g cereals a n d can w i t h s t a n d p e r i o d s o f h i g h
t e m p e r a t u r e . A y i e l d t r i a l o f 3 0 en t r i e s i n Z i m b a b w e ( 2 8 s o r g h u m geno types
a n d 2 m a i z e h y b r i d s ) s h o w e d t h a t u n d e r i r r i g a t i o n t h e m a i z e h y b r i d s r a n k e d
1 1 a n d 2 2 w h e r e a s u n d e r d r o u g h t c o n d i t i o n s t h e y r a n k e d 2 8 a n d 3 0 . I n fac t ,
s o r g h u m i s n o t o n l y d r o u g h t res i s tan t b u t also can w i t h s t a n d p e r i o d s o f
w a t e r l o g g i n g .
D i v e r s i f i c a t i o n o f c r o p use can m a k e s o r g h u m p r o d u c t i o n m o r e
r e m u n e r a t i v e a n d can r e s u l t i n c e r t a i n t y o f t h e m a r k e t d e m a n d a n d p r i c e . T h e
research s h o u l d b e o r i e n t e d i n t h i s d i r e c t i o n . T h e w h o l e p l a n t u t i l i z a t i o n
c o n c e p t a n d source o f r a w m a t e r i a l f o r ag ro - indus t r i e s n e e d m o r e a t t e n t i o n . I t
i s t r u l y a ' F 4 ' ( f o o d , f o d d e r , f e e d a n d fue l ) c r o p w i t h a d d i t i o n a l p ro spec t s o f
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Table 1 . Pro jected product ion a n d c o n s u m p t i o n (mi l l ion t ) o f s o r g h u m in 2 0 0 0 in
se lected countr ies in As ia .
Country
India
China
Australia
Yemen (N)
Thailand
Pakistan
Taiwan
Israel
Japan
Total Asia
Source: Kelley et al. (1991).
Production
13.74
4.08
1.04
0.21
0.38
0.19
0.26
0
0
19.91
Food Feed
10.47 1.34
1.80 5.11
0.03 0.85
0.82
0.03 0.12
0.22 0 
0.02 1.29
0.05 0.16
4.32
13.44 13.19
Total
11.81
6.91
0.88
0.82
0.15
0.22
1.31
0.21
4.32
26.63
Surplus/Deficit
+1.94
-2 .82
+0.16
+0.60
+0.23
-0 .03
-1 .05
-0 .21
-4 .32
-6 .72
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being a good source of sugars (Somani 1996). Several potential areas where
sorghum cannot be used are discussed in this paper.
E x p o r t
A t p re sen t Japan, M e x i c o , W e s t E u r o p e a n c o u n t r i e s , Is rael a n d Ta iwan are t h e
m a j o r i m p o r t i n g c o u n t r i e s . E x c e p t i n some A s i a n c o u n t r i e s and A f r i c a ,
s o r g h u m i s u sed a s f e e d . D u e t o m o r e emphas i s o n increas ing m e a t p r o d u c t i o n
i n C h i n a , Korea , f o r m e r U S S R , e tc , t h e p rospec t s f o r i n c l u s i o n o f s o r g h u m i n
f e e d r a t ions have b r i g h t e n e d . I n V i e t n a m , egg p r o d u c t i o n has gone d o w n d u e
t o h i g h e r f e e d pr ices ; ma i ze can w e l l b e r e p l a c e d b y s o r g h u m t o i m p r o v e t h e
s i t u a t i o n . S o r g h u m p r o d u c t i o n in As i a i s a r o u n d 20 m i l l i o n t (Table 1 ) . Share
o f I n d i a a n d C h i n a t o t o t a l s o r g h u m p r o d u c t i o n i n A s i a i s 5 4 % a n d 3 1 % i n
1 9 8 8 a n d 6 9 % a n d 2 0 % i n 2 0 0 0 , r espec t ive ly . I t i s e s t i m a t e d t h a t a f ter 2 0 0 0 ,
Y e m e n ( N ) , Pakis tan a n d C h i n a w i l l have d e f i c i t o f s o r g h u m s u p p l y and I n d i a
w i l l have su rp lus p r o d u c t i o n ( K e l l e y e t a l . 1 9 9 1 ) . I m p o r t d e m a n d o f I r a n a n d
O P E C ( O r g a n i z a t i o n o f t h e P e t r o l e u m E x p o r t i n g C o u n t r i e s ) w i l l s u d d e n l y
rise i n near f u t u r e t o f u l f i l l t h e r e q u i r e m e n t s o f sugars a n d d e x t r i n .
C o n s i d e r i n g t h e scope, f eed t y p e o f s o r g h u m needs t o b e e n c o u r a g ed f o r
g r o w i n g o n larger areas. I n I n d i a m o s t o f t h e h i g h - y i e l d i n g var ie t i e s a n d h y b r i d s
are d w a r f a n d ea r ly m a t u r i n g a n d f u l f i l l t h e i n t e r n a t i o n a l c r i t e r i o n o f f e e d a n d
n a t i o n a l r e q u i r e m e n t o f f o o d a n d fodde r . I m p r o v e m e n t o f t h e t r a d i n g sec to r
a n d e x p o r t agencies, b o t h p u b l i c a n d p r i v a t e , i s essent ial t o successful ly u t i l i z e
t h e su rp lus . A t t e m p t s b y t h e g o v e r n m e n t t o e x p o r t h a d b e e n m a d e b u t t h e
p r i c e f e t c h e d f o r d i s c o l o r e d grains was U S $ 6 8 t - 1 i n 1 9 9 4 . H e n c e , i t was
p r o p o s e d f o r va lue a d d i t i o n r a t h e r t h a n e x p o r t . H o w e v e r , t o d a y t h e
i n t e r n a t i o n a l r a t e i s a r o u n d U S $ 1 3 0 t - 1 ; hence , e x p o r t can be p r o f i t a b l e . S ince
t h e r e are n o t a n n i n s i n I n d i a n s o r g h u m s , i t s accep tance w i l l b e m o r e at t h e
i n t e r n a t i o n a l m a r k e t ; c u l t i v a r s g r o w n w o r l d ove r have m u c h t a n n i n s i n t h e
grains ( S o m a n i 1 9 9 6 ) .
F o o d
S o r g h u m c u l t i v a r s h a v i n g h i g h c a l o r i c v a l u e a n d n o t a n n i n s are d e s i r e d f o r
f o o d pu rpose s . T o t a l d i g e s t i b l e p r o t e i n s h o u l d b e s u f f i c i e n t l y h i g h a n d t h e
e n d o s p e r m s h o u l d n o t b e m o r e c o r n e o u s a s m i l l i n g i s d i f f i c u l t a n d f l o u r
r e c o v e r y i s less ( r e q u i r e s h i g h e r g r i n d i n g e n e r g y ) . H o w e v e r , s u c h q u a l i t y
gra ins are h i g h l y s u s c e p t i b l e t o g r a i n m o l d s . T h e r e f o r e , d e v e l o p m e n t o f
c u l t i v a r s w i t h a f o r e m e n t i o n e d d e s i r e d t r a i t s a n d w e l l a d a p t e d f o r p o s t r a i n y
season needs i n t e n s i v e r e sea rch e f f o r t s . S u c h p r o d u c e f e t ches g o o d m a r k e t
p r i c e . H o w e v e r , r a i n y season p r o d u c e has t o b e u t i l i z e d f o r a l c o h o l , g lucose ,
h i g h f r u c t o s e s y r u p , e t c , s ince h a r d l y 2 / 5 o f t h i s p r o d u c e goes f o r f o o d
p u r p o s e s . I n c r e a s i n g p u r c h a s i n g p o w e r a n d e l a s t i c i t y o f d e m a n d w i l l be t h e
d r i v i n g fo rces b e h i n d t h e f u t u r e increase i n c o n s u m p t i o n o f a n i m a l f o o d
p r o d u c t s i n I n d i a . I t i s p r e d i c t e d t h a t t h e change i n I n d i a ' s f o o d c o n s u m p t i o n
p a t t e r n s w i l l b e s i m i l a r t o t h o s e e x p e r i e n c e d b y o t h e r c o u n t r i e s s u c h as
Japan a n d K o r e a ( M c K i n s e y 1 9 9 7 ) . N o r m a l l y cerea l c o n s u m p t i o n d e c l i n e s
a n d p r o t e i n c o n s u m p t i o n goes u p a s p e r c a p i t a i n c o m e increases . T h e
N a t i o n a l S t a t i s t i c a l S u r v e y c o n f i r m s t h i s f o r b o t h r u r a l a n d u r b a n I n d i a
(Tab le 2 ) .
Table 2. Relat ive c o n s u m p t i o n (mil l ion t ) of cereals and pulses in rural and urban
India.
Commodity
Urban
Cereals
Pulses
Rural
Cereals
Pulses
1970
36
20
54
15
1990
26
25
37
21
150
Feed
C u l t i v a r s g o o d f o r f o o d are g o o d f o r f e e d . P r o t e i n b i nde r , ie , t a n n i n i s n o t
p resen t i n I n d i a n s o r g h u m s . W i t h t h e inc reas ing pe r cap i ta i n c o m e , d e m a n d
f o r m e a t , eggs a n d m i l k has gone u p . H o w e v e r , c o n s u m p t i o n as c o m p a r e d t o
o t h e r c o u n t r i e s i s l o w (Table 3 ) .
Poultry feed
T h e d e m a n d f o r s o r g h u m i n p o u l t r y f e e d largely depends o n p r i ce and
ava i l ab i l i t y o f m a i z e . I n c l u s i o n o f s o r g h u m u p t o 1 0 % f o r layers and 1 5 % f o r
b ro i l e r s i s c o m m o n . H o w e v e r , t h i s ra te goes up i n t h e years o f h ighe r p r ices o f
ma i ze . I f s o r g h u m has t o b e m a d e m o r e c o m p e t i t i v e , t h e p r i c e s h o u l d b e
a r o u n d 70 t o 8 0 % t h a t o f ma i ze . P o u l t r y sec tor i s l i k e l y t o g r o w a t 8 t o 1 0 % per
a n n u m i n t h e case o f layers a n d a r o u n d 1 5 % f o r b ro i l e r s . T h u s , t h e increas ing
d e m a n d f o r s o r g h u m f r o m p o u l t r y f e e d sec to r i s e x p e c t e d t o resu l t i n d e f i c i t
i n ene rgy source c o n s i d e r i n g l o w ava i l ab i l i t y o f ma i ze i n t h e c o u n t r y and h i ghe r
i m p o r t p r i c e . I t was also revea led d u r i n g d iscuss ion w i t h layer i n d u s t r y p e o p l e
i n A n d h r a Pradesh , I n d i a t h a t s o r g h u m i s less p r e f e r r e d t h a n ma ize because o f
l o w ca ro tene t h a t gives less y e l l o w co lo r t o y o l k . H o w e v e r , s u p p l e m e n t a t i o n
us ing o t h e r cheaper ca ro tene sources i s poss ib le . T h e gene f o r m o r e ca ro tene
p r o d u c t i o n c o u l d b e i n c o r p o r a t e d t h r o u g h genet i c eng inee r i ng . A n o t h e r
m i s c o n c e p t i o n a n d m i s u n d e r s t a n d i n g w i t h f eed m a n u f a c t u r e r s i s t h a t
s o r g h u m grains c o n t a i n m o r e t ann ins a n d d i s c o l o r e d grains c o n t a i n m o r e
a f l a tox ins bes ides less energy va lue in c o m p a r i s o n to m a i z e . I t i s necessary to
b r i n g t o t h e n o t i c e o f e n t r e p r e n e u r s a n d e x t e n s i o n w o r k e r s some facts abou t
s o r g h u m gra in . T h e t e c h n o l o g y f o r p r i m a r y p rocess ing o f s o r g h u m has been
a l ready d e v e l o p e d . A l l c u l t i v a t e d w h i t e - g r a i n e d s o r g h u m s c o n t a i n p rac t i ca l l y
no t a n n i n s and t h e r e are less chances o f a f l a t o x i n c o n t a m i n a t i o n . Samp les
ana lyzed a t var ious n a t i o n a l a n d i n t e r n a t i o n a l l abora to r ies d i d n o t revea l
Table 3 . Per capi ta per a n n u m c o n s u m p t i o n of mi lk and poultry products in 1992.
Commodity
Milk (kg)
Eggs (pieces)
Poultry meat (kg)
Source: World Bank (1996).
India
65
26
0.5
China
3
163
4
USA
104
181
40
151
presence o f a f l a tox ins . S tud i e s u n d e r t a k e n b y t h e N a t u r a l Resources I n s t i t u t e
( N R I ) , U K revea l ed m y c o t o x i n s b e l o w t o l e r a n c e levels i n a l l samples a n d v e r y
in t e r e s t i ng ly , t h e levels decreased d u r i n g storage, whe rea s i n a l l o t h e r grains
t h e t r e n d was gene ra l ly reverse . I t m i g h t b e d u e t o a c o n i t i c ac id p re sen t i n t h e
s o r g h u m grains ( H o d g e s 2 0 0 0 ) ; h o w e v e r , i t needs c o n f i r m a t i o n . S o r g h u m i s
m o r e o r less a t par w i t h m a i z e as regards to energy. M a i z e has m o r e o i l a s
c o m p a r e d t o s o r g h u m ; c a l o r i f i c va lue f o r t h e fa t i s c o m p e n s a t e d b y h i g h e r
s t a r ch a n d p r o t e i n i n s o r g h u m . I n case o f m o l d y grains, t h e r e i s r e d u c t i o n i n
s t a r c h c o n t e n t ; h o w e v e r , p r o t e i n i s u n c h a n g e d a n d change i n a m i n o a c i d
p r o f i l e was i n d e s i r e d way .
N e a r Pune , I n d i a t w o persons w h o g r a d u a t e d f r o m E d i n b u r g h , U K are
us ing so le ly s o r g h u m as p o u l t r y f e e d f o r a l o n g p e r i o d w i t h o u t any adverse
e f f e c t o n p r o d u c t i o n o f eggs a n d m e a t . Saxena ( 1 9 9 4 ) also o p i n e d t h a t
s o r g h u m shal l b e p r e f e r r e d ove r m a i z e a n d t h e U n i v e r s i t i e s sha l l c o m e o u t
w i t h t h e da ta t o i m p r e s s u p o n t h e p o u l t r y f e e d i n d u s t r y . W h a t e v e r
i n f o r m a t i o n t h e i n d u s t r y has i s based on m i l o - b a s e d s o r g h u m s . S o m e see i t as
a g o o d energy a l t e r n a t i v e t o ma ize , whereas o the r s cons ide r t h e ene rgy l e v e l i n
s o r g h u m a s l o w . These d i spa r i t i e s m a y b e d u e t o t h e q u a l i t y o f s o r g h u m
e x a m i n e d . T h e P ro jec t D i r e c t o r a t e o n Pou l t ry , H y d e r a b a d , I n d i a r e p o r t e d
t h a t a p p a r e n t m e t a b o l i z a b l e ene rgy o f s o r g h u m i s m u c h h i g h e r t h a n m a i z e a n d
p e a r l m i l l e t (Pennise tum glaucum). C o m p o s i t i o n o f l aye r m a s h used o n
c o m m e r c i a l f a rms i n c l u d e d 2 1 % s o r g h u m (Saxena 1 9 9 4 ) . Pa tho log ica l s tud ies
o n f e e d i n g o f h i g h l y d i s c o l o r e d s o r g h u m grains t o b r o i l e r s a t A k o l a ,
M a h a r a s h t r a i n d i c a t e d t h a t m a i z e can b e r e p l a c e d u p t o 7 5 % w i t h o u t any
adverse e f f e c t o n b o d y w e i g h t , h e m a t o l o g i c a l a n d b i o c h e m i c a l p a r a m e t e r s
w h e n c o m p a r e d t o n o r m a l s o r g h u m ; h o w e v e r , m a i z e has s h o w n b e t t e r
response t h a n s o r g h u m (Joshi a n d Joshi 1 9 9 6 ) . B u t w i t h t h e m o d e r n t o o l s o f
gene t i c e n g i n e e r i n g i t i s poss ib le t o m a n i p u l a t e a n d i n c o r p o r a t e d e s i r e d t r a i t
c o n s i d e r i n g t h a t s o r g h u m i s a n e s t ab l i shed t r a d i t i o n a l c r o p i n t h e r a i n f e d
a g r i c u l t u r e s y s t e m . W a s h e d a n d s u n - d r i e d , h i g h l y d i s c o l o r e d s o r g h u m grains
w h e n f e d t o p o u l t r y b i r d s i m p r o v e d h u m o r a l a n d i m m u n e response w h e n
c o m p a r e d w i t h n o r m a l s o r g h u m a n d ma ize grains (Joshi a n d Josh i 1 9 9 6 ) .
Animal feed
In I n d i a on an average, 2 5 0 g grains are c o n s u m e d pe r d a i r y a n i m a l .
C o n s u m p t i o n o f s o r g h u m gra in b y d a i r y ca t t l e i s h ighes t i n n o r t h e r n I n d i a a n d
l o w e s t i n s o u t h e r n I n d i a . C o n s i d e r i n g t h e p o p u l a t i o n o f animals and t h e
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G o v e r n m e n t p o l i c y fo r w h i t e r e v o l u t i o n , t h e r e q u i r e m e n t o f grains b y feed
indus t r i e s w i l l b e q u i t e h igh . Tota l f eed p r o d u c t i o n had gone u p f r o m 0 .48
m i l l i o n t i n 1974 t o 2 .9 m i l l i o n t i n 1 9 9 6 - 9 7 . T h e W o r l d Bank es t imates de f i c i t
o f 2 .6 m i l l i o n t i n concen t r a t e f eed a n d 2 5 1 m i l l i o n t o f roughages. A c c o r d i n g t o
D a i r y I n d i a ( 1 9 9 7 ) , t h e annual g r o w t h rate o f m i l k p r o d u c t i o n was abou t 5 %
d u r i n g 1980s and 1990s. D u r i n g 1 9 9 8 - 9 9 , 4 m i l l i o n t o f da i ry f eed was
p r o d u c e d b y t h e c o m m e r c i a l sector. T h e s tandard da i ry r a t i o n compr ises 1 0 %
grains, w h i c h cor responds t o 0 .4 m i l l i o n t o f grains per a n n u m . A s s u m i n g annual
g r o w t h ra te a t 3%, t h e r e q u i r e m e n t w i l l be a r o u n d 0 .44 m i l l i o n t by 2 0 0 2 .
In s o r g h u m - g r o w i n g areas, s o r g h u m in subs tan t ia l q u a n t i t y i s c o n s u m e d
o n f a r m b y smal l -scale d a i r y f a rmer s . Besides cost , ava i l ab i l i t y a n d q u a l i t y o f
s o r g h u m t h e c o m m o n p r o b l e m f o r f e e d m i l l e r s i s g ra in storage. Feed
m a n u f a c t u r e r s are m o r e k e e n a b o u t t h e p r i c e r a t h e r t h a n t h e q u a l i t y and
h e n c e p r i ces f o r ' D i s c o ' g rade are usua l ly q u o t e d a n d s u p p l i e d . Such m o l d y
gra in c a n n o t be s t o r e d f o r l o n g p e r i o d s a s i t de t e r i o r a t e s f u r t h e r u n d e r storage
c o n d i t i o n s . I n t h e 1990s t h e M a h a r a s h t r a S ta te G o v e r n m e n t a u c t i o n e d
d e t e r i o r a t e d grains s t o r e d i n t h e i r g o d o w n s a t v e r y l o w p r i c e and t h e f eed
i n d u s t r y p e o p l e i n G u j a r a t p u r c h a s e d t h e m . M a i z e i s m o r e p r o n e t o
d e t e r i o r a t i o n a s c o m p a r e d t o s o r g h u m a n d m y c o t o x i n l eve l goes d o w n i n
s o r g h u m d u r i n g storage. H e n c e , i t i s advantageous f o r i n c o r p o r a t i o n o f
s o r g h u m i n a n i m a l f e e d f o r m u l a t i o n s . T h e u t i l i z a t i o n o f s o r g h u m a s f eed i n
N o r t h A m e r i c a i s 9 7 % a s against 2 7 % i n A s i a .
C o n s i d e r i n g t h e n u t r i t i o n a l va lue o f s o r g h u m (Table 4 ) a n d p r o b a b l e
shor tage o f g r a in a n d roughages a n d l i m i t a t i o n s o f ma ize c u l t i v a t i o n i n t h e
c o u n t r y , t h e r e w i l l be w i d e scope f o r m o r e i n c l u s i o n o f s o r g h u m i n f e e d
f o r m u l a t i o n s . I f c o m p a r a t i v e p r i c e t r e n d o f kharif ( r a iny ) season s o r g h u m over
Table 4 . Nutr i t ional v a l u e s of gra ins for dai ry catt le1 .
Grain
Barley
Pearl millet
Sorghum
Maize
Oat
Wheat
Dry matter
(%)
90
89
87
89
89
89
Protein (%)
Total Digestible
8.7 6.9
11.9 5.1
15.2 7.3
8.9 6.8
11.8 8.8
13.0 10.1
TDN
(%)
79
61
86
81
68
78
Energy (k cal kg-1)
Digestible
3483
2665
3772
3571
2998
3449
Metabolizable
-
2185
3093
2928
2458
2820
Ca
(%)
0.06
0.12
0.12
0.02
0.10
0.50
P
(%)
0.33
0.46
0.44
0.31
0.35
0.40
1. TDN = Total digestible nutrients; Ca = Calcium; P = Phosphorus.
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Table 5. Indicative average price (Rs t-1) of maize and sorghum grain paid by feed
industries in India.
Crop 1993-94
Maize 2370
Sorghum 2020
1994-95 1995-96 1996-97 2001-02
4980 5130 5200 5340
4730 4680 4500 4700
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years i s c o n s i d e r e d , i t s p r i c e was 1 0 t o 3 0 % l o w e r t h a n t h a t o f m a i z e . I t i s
avai lable i n s u f f i c i e n t q u a n t i t y d u r i n g O c t o b e r - J a n u a r y a t m u c h l o w ra te a n d
the rea f t e r , t h e rates increase. N e v e r t h e l e s s , t h e p r i c e w i l l be l o w e r t h a n t h a t
o f m a i z e (Table 5 ) . T h u s c o n s i d e r i n g t h e d e m a n d o f grains i n f e e d a n d
l i m i t a t i o n s i n i m p o r t i n g ma ize , s o r g h u m has a b r i g h t f u t u r e . Un le s s t h e r e i s
g o o d d e m a n d f o r s o r g h u m , f a r m e r s i n r a i n f e d a g r i c u l t u r e s y s t e m are n o t
p r e p a r e d t o increase i n p u t s f o r inc reased p r o d u c t i o n .
Processing
Sweet sorghum
A w e l l g r o w n swee t s o r g h u m c r o p ha rves ted a t phys io log ica l g ra in m a t u r i t y
y ie lds abou t 1-2 t o f grains, 1 0 - 1 5 t o f f resh leaves a n d tops and 4 0 - 5 0 t o f
s t r i p p e d stalks. T h e c r o p m a t u r i t y i s a t t a i n e d i n 1 2 5 - 1 3 0 days. T h e j u i c e can b e
e x t r a c t e d b y c rush ing stalks us ing r o l l e r m i l l s c o m m o n l y u sed i n sugar m i l l s t o
c r u s h sugarcane o r dif fuser . T h e j u i c e e x t r a c t i o n ra te i s 4 0 t o 4 5 % w i t h t w o -
r o l l e r ex t r ac to r ; however , i t can b e u p t o 5 5 % w i t h cane crusher. T h e j u i c e i s
ac id ic hav ing p H 4 . 5 - 5 . 2 d u e t o presence o f acon i t i c ac id . B r i x read ing i s 1 4 t o
21 a n d specif ic g r av i t y i s 1.05 to 1.08. T h e j u i c e also conta ins s ta rch ranging
f r o m 0.5 t o 2 .0%. T h e r a t i o o f sucrose t o r e d u c i n g sugars ranges f r o m a b o u t 10:1
i n h i g h sucrose t y p e t o a b o u t 3:1 i n l o w sucrose var ie t ies . C r y s t a l l i z a t i o n o f
sucrose i s a b i t d i f f i c u l t d u e to presence o f acon i t i c ac id a n d s ta rch . T h e
t e c h n o l o g y has a l ready been p e r f e c t e d to get c rys t a l l i z ed sugar in t h e labora tory .
U s e o f amylases reduces s t a rch w h i c h m o s t l y i n t e r f e r e w i t h c rys t a l l i z a t i on .
Inver tase a c t i v i t y i s fast u n d e r cen t r a l and s o u t h e r n I n d i a n c o n d i t i o n s . H o w e v e r ,
e x c e l l e n t resul ts have been o b t a i n e d i n I r a n ( K u l k a r n i e t a l . 1 9 9 5 ) . Techno logy
f o r sugarcane p u r i f i c a t i o n can v e r y w e l l be u t i l i z e d t o get exce l l en t c rys ta l clear
s y r u p w h i c h can replace cane sugar i n m a n y c o m m e r c i a l p r o d u c t s , v iz ,
beverages, c o n f e c t i o n e r y and ice c r e a m . T h e process has also been d e v e l o p e d to
c o n v e r t b o t h cane j u i c e a n d swee t s o r g h u m sta lk j u i c e t o glucose sy rup .
T h e j u i c e can also b e f e r m e n t e d t o get g o o d q u a l i t y a l c o h o l . T h e y i e l d o f
a l c o h o l can b e e s t i m a t e d b y us ing t h e f o r m u l a :
( B r i x - 3 ) x specif ic g r a v i t y x 0 . 5 9
T h e e f f l u e n t g e n e r a t e d i s less w i t h l o w b i o l o g i c a l o x y g e n d e m a n d a n d
c h e m i c a l o x y g e n d e m a n d a s c o m p a r e d t o t h a t g e n e r a t e d i n sugarcane
molasses-based u n i t . I n t e r e s t i n g l y , t h e yeast s t ra ins f o r c o n v e r t i n g cane j u i c e
o r s o r g h u m g r a i n are n o t e f f i c i e n t t o c o n v e r t s w e e t s o r g h u m j u i c e .
A c i d i f i c a t i o n o f j u i c e a n d h e a t i n g c o n v e r t s s t a r c h t o s i m p l e sugars; also, n o
s t e r i l i z a t i o n i s necessary. T h e process has b e e n s t a n d a r d i z e d a n d r eady f o r
c o m m e r c i a l i z a t i o n . W h e n t h e w h o l e s ta lks are s u b j e c t e d t o t h e e x t r a c t i o n
process , t h e i m p u r i t i e s i n t h e r i n d a n d t h e l e a f shea th ( s i l ica , waxes , p h e n o l
c o m p o u n d s , p i g m e n t s , p r o t e i n s , e t c ) also ge t e x t r a c t e d f r o m t h e r i n d . I f
j u i c e i s e x t r a c t e d f r o m t h e p i t h ( w i t h o u t r i n d ) t h e i m p u r i t i e s w i l l
a u t o m a t i c a l l y b e e l i m i n a t e d . I t i s necessary i f c r y s t a l l i n e sugar o r s y r u p i s t o
b e p r o d u c e d .
Bagasse can be used f o r f o d d e r p u r p o s e o r f o r silage o r g o o d n u t r i t i v e
f e e d can b e p r e p a r e d b y t a k i n g 4 0 - 6 0 % o f f i n e l y c h o p p e d o r p o w d e r e d
bagasse t o w h i c h 4 0 % molasses, 5% cerea l grains a n d pu lse m i l l was t e and 1 0 %
m i n e r a l s are a d d e d . C o m p r e s s e d b l o c k s can be p r e p a r e d f o r easy storage.
Bagasse sp rayed w i t h 2 % urea i s g o o d f e e d f o r an imals . G o o d q u a l i t y p a r t i c l e
b o a r d can also be p r e p a r e d a n d t h e process has been d e v e l o p e d a t Ca r l sbe rg
Research L a b o r a t o r y , D e n m a r k .
Grain processing
E x c e p t f o r m u c h sma l l e r size a n d genera l ly ova l shape t h e s t r u c t u r e o f
s o r g h u m gra in i s r e m a r k a b l y s i m i l a r t o t h a t o f ma ize . B o t h grains have f l o u r y
a n d h o r n y e n d o s p e r m a n d f a t - r i c h g e r m . N e i t h e r gra in has a t r u e h u l l . T h i s
means t h a t process ing t echno log ie s such a s m e t h o d s o f d r y a n d w e t m i l l i n g
a p p l i e d t o ma i ze can b e a p p l i e d t o s o r g h u m . Per icarp o f s o r g h u m gra in appears
t o b e m o r e f r i ab l e . I t i s d isadvantageous i n d r y m i l l i n g a s t h e f l o u r can b e c o m e
c o n t a m i n a t e d w i t h b r a n . T h e f r i ab le na tu r e o f t h e p e r i c a r p m a y b e d u e t o
presence o f s t a rch granules . S o r g h u m p r o t e i n s l i k e those o f a l l cereals e x c e p t
w h e a t , do n o t have t h e a b i l i t y t o f o r m a gas-hold ing , v iscous elast ic d o u g h .
H o w e v e r , l eavened b r e a d - t y p e p r o d u c t s have t r a d i t i o n a l l y been p r o d u c e d i n
A f r i c a us ing s o r g h u m . S i m i l a r l y , i n I n d i a t o o , some o f t h e t r a d i t i o n a l p r o d u c t s
p r e p a r e d f r o m s o r g h u m are o r g a n o l e p t i c a l l y g o o d . S t a n d a r d i z a t i o n o n
d o c u m e n t a t i o n a n d c o m m e r c i a l e x p l o i t a t i o n i s necessary.
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S o r g h u m gra in i s usua l ly processed b y d r y m i l l i n g t o m a k e f l o u r fo r b read .
O t h e r processing m e t h o d s i n c l u d e r o l l i n g , s t eaming , f l ak ing , p o p p i n g , pa rch ing ,
m a l t i n g a n d f e r m e n t a t i o n . D e h u l l i n g (pear l ing) i s p r a c t i c e d o n l y i n some par ts
o f t h e c o u n t r y pa r t i cu la r ly , t h e s o u t h e r n I n d i a n states. D e h u l l i n g i s c o m m o n l y
d o n e b y h a n d p o u n d i n g , w h i c h i s l abor ious a n d t i m e c o n s u m i n g . M e c h a n i c a l
dehu l l e r s n o t o n l y save t i m e b u t large q u a n t i t y o f grains can b e processed w i t h
u n i f o r m a n d b e t t e r qua l i ty . Several t ypes o f m i l l s have been d e v e l o p e d i n I n d i a
fo r d e h u l l i n g ; however , these m i l l s have n o t b e c o m e p o p u l a r a m o n g t h e
consumers . Tangent ia l abrasive d e h u l l i n g dev ice ( T A D D ) i s c o m m o n l y used
w o r l d w i d e . D e h u l l i n g r emoves coarse f i b rous o u t e r coat so t h a t t h e p r o d u c t i s
m o r e appea l ing t o consumers . I t i s v e r y use fu l i n r e m o v i n g t h e o u t e r b l a c k coat
(due t o gra in m o l d s ) o f grains damaged b y rains. H o w e v e r , g o o d a m o u n t o f
s t a rch i s los t in d e h u l l i n g . Pra i r ie Research L a b o r a t o r y ( P R L ) d e h u l l e r was f i r s t
d e v e l o p e d i n Canada a n d i s ve ry c o m m o n l y used i n t h e s u b c o n t i n e n t . T h e
d r a w b a c k s o f t h e P R L d e h u l l e r f o r i n d u s t r i a l m i l l i n g i s t h a t t h e b a t c h size i s
r a the r s m a l l . Besides, m i l l i n g losses can be ve ry h i g h up to 3 0 % . To o v e r c o m e
these p r o b l e m s , a sma l l r o l l e r m i l l has been d e v e l o p e d . T h i s m i l l consists o f 2 or
3 pairs o f ro l le r s a n d a v i b r a t i n g screen s ieving device to r e m o v e b r a n f r o m t h e
f lou r . Typica l ly , such m i l l s have a capac i ty of 5 0 0 kg h - 1 . Research has s h o w n t h a t
w i t h m o d e r a t e p r e - c o n d i t i o n i n g ( t o 1 6% m o i s t u r e ) , m i l l i n g w i t h such a r o l l e r
m i l l can cons i s t en t ly p r o d u c e s o r g h u m m e a l o f h ighe r e x t r a c t i o n , a n d s l i gh t l y
l o w e r ash and fat c o n t e n t c o m p a r e d t o d e b r a n n i n g a n d h a m m e r m i l l i n g .
I n I n d i a d r y m i l l i n g o f grains f o r b r e a d p u r p o s e i s c a r r i e d o u t i n s m a l l
q u a n t i t i e s a lways , s ince s t a l ing o f f l o u r i s c o m m o n . T h i s m a y b e d u e t o a c o n i t i c
a c i d o r s o m e free f a t t y acids . S o r g h u m f l o u r i s c o m m o n l y used i n p r e p a r a t i o n
of r e d 'Kankoo' s ince i t s p l a s t i c i t y i s less a t a m b i e n t t e m p e r a t u r e as c o m p a r e d
t o o t h e r cerea l grains . I n d i a n s o r g h u m s have w h i t e grains a n d are suscep t ib l e
t o g ra in m o l d s r e s u l t i n g i n e n o r m o u s losses. T h e c o l o r e d - g r a i n s o r g h u m s can
also b e g r o w n since t h e y are res i s tan t t o g r a i n m o l d s a n d d e t e r r e n t t o b i r d s .
T h e t a n n i n s can b e r e m o v e d b y va r ious processes. T h e grains are m o r e f l o u r y
a n d w a x y a n d t h u s have advantages i n i n d u s t r i a l uses. P i g m e n t f r o m c o l o r e d
g l u m e s was o b t a i n e d ( S o m a n i 2 0 0 0 ) . T h i s c o l o r can b e u s e d i n f o o d
p r e p a r a t i o n s also. C h i n a i s n o w p r o d u c i n g a g o o d q u a n t i t y o f n a t u r a l c o l o r
f r o m n o n - t a n s ta lk shea th a n d g l u m e s .
Grit production 
I n f o r m a t i o n o n d r y m i l l i n g o f s o r g h u m i s scanty a n d c u r r e n t l y available
t e c h n o l o g y i s inadequa te . S o r g h u m i s ha rde r t h a n w h e a t . M o r e corneous grains
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Table 6 . Chemica l compos i t ion of ma ize and s o r g h u m grains.
Constituent
Starch (%)
Protein (%)
Fats (%)
Ash (%)
Crude fiber (%)
Starch granule size (mm)
Amylose content (%)
Oil in germ (%)
Oil extraction (on grain weight basis) (%)
Color of oil
Starch extraction rate (%)
8% starch solution viscosity (Brabender unit)
Viscosity at 95°C after 1 h (Brabender unit)
Viscosity at 50°C (Brabender unit)
Viscosity at 40°C (Brabender unit)
Sorghum
70
9
3.6
1.94
1.90
6-25
23-28
52
2-2.3
Dark red
50-54
630-858
370-550
938-1075
1078-1580
Maize
68.5
6.2
4.6
1.7
1.9
10-30
24
52-58
3.4
Pale
57-61
650-865
375-575
930-1110
1075-1580
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on d e h u l l i n g can be processed fo r semol ina p r o d u c t i o n . T h e sick w h e a t r o l l i n g
mach ines i n Maharash t ra can b e used fo r semol ina p r o d u c t i o n w i t h l i t t l e change
i n sequence o f processing. T h e semol ina i s i n good d e m a n d i n sou the rn states fo r
u t t a p a a n d o t h e r s imi l a r prepara t ions . H o w e v e r , o n l y g o o d grains can be
processed fo r t h e purpose . T h e r ecen t ly deve loped h y b r i d S S H 1 has been
f o u n d to give m o r e g r i t o u t p u t . G r i t s can be used a s ad junc t i n beer m a k i n g .
Starch production
G r a i n s o r g h u m i s s imi l a r t o maize i n i t s c o m p o s i t i o n and p rope r t i e s (Table 6 ) .
H e n c e , t h e t e c h n o l o g y d e v e l o p e d t o e x t r a c t s tarch f r o m maize can b e used fo r
s o r g h u m w i t h s l ight m o d i f i c a t i o n s . T h e t e chno logy d e v e l o p e d i n G e r m a n y fo r
ma ize process ing f a i l e d t o give des i r ed results w h e n used fo r s tarch e x t r a c t i o n
f r o m s o r g h u m . T h e w o r k done i n t h e past a t t h e I n t e r n a t i o n a l C r o p s Research
I n s t i t u t e fo r t h e S e m i - A r i d Trop ics ( 1 C R I S A T ) , Patancheru, I n d i a a n d o t h e r
i n s t i t u t i o n s o n s ta rch e x t r a c t i o n y i e l d e d o f f - w h i t e s tarch. H o w e v e r , t h e
m o d i f i c a t i o n s i n s teeping , coarse g r i n d i n g a n d f ibe r w a s h i n g sys tem have y i e l d e d
g o o d q u a l i t y o f absolu te ly w h i t e s tarch . Few s ta rch indus t r i es i n G u j a r a t and
M a d h y a Pradesh are us ing s o r g h u m w h e n e i t he r maize i s in shor t supp ly o r t h e
cost i s r e l a t ive ly ve ry h i g h as c o m p a r e d to s o r g h u m . S o r g h u m s tarch before
d r y i n g i s m a i n l y used fo r s ta rch p o w d e r o r l i q u i d and glucose p r o d u c t i o n .
D e x t r i n p r o d u c e d f r o m s o r g h u m has s h o w n s u p e r i o r i t y over maize .
O f t h e th ree m e t h o d s t r i e d , add ing lact ic ac id (1%) d u r i n g s teeping o r
a d d i t i o n o f lact ic acid bacter ia l c u l t u r e gave compara t i ve ly h igher s tarch y i e l d and
good qua l i t y w h i t e s tarch. V i s c o a m y l o g r a p h o f s o r g h u m starch thus e x t r a c t e d has
s h o w n s imi la r t r e n d t o t h a t o f maize s tarch. A t present , some indus t r ies i n G u j a r a t
and M a d h y a Pradesh are u t i l i z i n g s o r g h u m for s tarch e x t r a c t i o n . T h e r e is a 
m i s c o n c e p t i o n amongst users t h a t t h e s tarch of so rghum is n o t as good as t h a t of
maize . In fact, ac tual users c o u l d n o t d i f f e ren t i a t e so rghum starch and maize
starch. S o r g h u m s tarch has good app l ica t ion in dex t rose m o n o h y d r a t e , l i q u i d
glucose, d e x t r i n and so rb i to l p r o d u c t i o n besides i ts c o m m o n u t i l i z a t i o n as b inders ,
glue, th ickeners , a n d fo r adso rp t ion o f radioisotopes f r o m ef f luents generated i n
heavy w a t e r p lants and in syn the t i c p o l y m e r s . S o r g h u m germs are smal l and
recovery of o i l i s also less as c o m p a r e d to t h a t f r o m maize g e r m . T h e co lo r
in t ens i ty o f s o r g h u m o i l i s m u c h h igher and hence less p r e f e r r e d by users fo r
ed ib le purposes. A t present , i t has app l i ca t ion i n soap indus t r ies . O i l contains l o w
levels o f stearic ac id (4%) and p a l m i t i c ac id ( 1 0 % ) .
In s t a r c h sepa ra t ion process, a g o o d a m o u n t o f p e n t o s a n - l i k e m a t e r i a l i s
separa ted w h i c h can b e e x p l o i t e d t o p r o d u c e h i g h q u a l i t y g lue , x y l o s e a n d
x y l i t o l . Research i s also necessary t o l o w e r t h e c o l o r va lue o f g e r m o i l s ince
t h e r e i s n o m a r k e t d e m a n d f o r in t ense c o l o r e d o i l s .
Sugars
I f t h e p r o d u c t i o n o f sugars, v i z , g lucose a n d h i g h f ruc to se s y r u p ( H F S ) f r o m
s o r g h u m i s successful , i t i s e s t i m a t e d t h a t sugars f r o m cereals m a y rep lace 3 0 -
4 0 % o f cane sugar i n bakery , c o n f e c t i o n e r y , b i s cu i t s a n d beverages.
T r a d i t i o n a l l y , s t a rch i s f i r s t separa ted f r o m t h e grains a n d t h e n a c i d h y d r o l y z e d
( p H 1 . 8 - 2 . 0 ) . D e h y d r a t i o n occurs w i t h i n t h e d e x t r o s e m o l e c u l e s g i v i n g r ise
i n i t i a l l y t o 5 - h y d r o x y m e t h y l f u r f u r a l d e h y d e , w i t h f u r t h e r t r a n s f o r m a t i o n
t a k i n g p lace t o y i e l d l e v u l i n i c ac id o r p o l y m e r s o f h y d r o x y m e t h y l
f u r f u r a l d e h y d e . A r e c o m b i n a t i o n o f d e x t r o s e also occurs t o f o r m
disacchar ides h a v i n g 1-6 a lpha a n d 1-6 be ta l inkages . T h e ra te o f f o r m a t i o n o f
d e g r a d a t i o n p r o d u c t increases w i t h t h e s t r e n g t h o f ac id , c o n c e n t r a t i o n o f
s t a r ch a n d r e a c t i o n t e m p e r a t u r e . For e c o n o m i c reasons, a s u f f i c i e n t l y h i g h
c o n c e n t r a t i o n o f s t a r ch has t o b e u sed t o a v o i d t h e r e m o v a l o f large q u a n t i t i e s
o f w a t e r a t a l a t e r stage. T h e m a j o r l i m i t a t i o n i s t h e c o m p l e t e l y r a n d o m n a t u r e
o f a c i d h y d r o l y s a t e s w h i c h m a k e s t h e sugar c o m p o s i t i o n sole ly d e p e n d e n t o n
t h e degree o f h y d r o l y s i s . T h i s m a k e s i t d i f f i c u l t t o a d o p t t h e p r o p e r t i e s t o t h e
h i g h l y d i v e r s i f i e d r e q u i r e m e n t s o f m o d e r n f o o d i n d u s t r i e s .
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L i q u i d glucose, glucose p o w d e r and d e x t r o s e m o n o h y d r a t e are usua l ly
p r o d u c e d u n i v e r s a l l y b y s ta rch indus t r i e s . S t a r c h s l u r ry p r i o r t o d r y i n g i s
s u b j e c t e d e i t h e r t o a c i d h y d r o l y s i s f o r p r o d u c t i o n o f l o w d e x t r o s e e q u i v a l e n t
( D E ) l i q u i d glucose, o r t o a c i d - e n z y m e o r e n z y m e - e n z y m e process t o get h i g h
D E l i q u i d glucose. H i g h D E l i q u i d glucose i s usua l ly c o n v e r t e d e i t h e r t o
glucose p o w d e r o r d e x t r o s e m o n o h y d r a t e o r f ruc tose s y r u p . H o w e v e r , f o r
s t a r ch e x t r a c t i o n , m o l d y grains c a n n o t b e used a n d t h u s disposal o f m o l d y
grains r e m a i n s a p r o b l e m .
A process has been d e v e l o p e d by S o m a n i e t a l . ( 1 9 9 5 ) w h e r e i n no s ta rch
sepa ra t ion i s r e q u i r e d a n d w h o l e grains o f any q u a l i t y can be used t o c o n v e r t t o
sugars. H o w e v e r , i n t h i s m e t h o d y i e l d o f sugars i s h i g h . I n case o f s o r g h u m ,
m u c h o f t h e s t a rch i s p resen t i n t h e mesoca rp a n d i t i s los t a long w i t h t h e
e f f l u e n t s ince no e f f i c i e n t s y s t e m h a d so far b e e n avai lable t o separate i t . I n
t h e t e c h n o l o g y d e v e l o p e d a t D r Panjabrao D e s h m u k h K r i s h i V i d y a p e e t h
( P D K V ) , A k o l a , M a h a r a s h t r a , t h e w h o l e s t a rch p resen t i n t h e grains,
i r r e s p e c t i v e o f i t s d i s t r i b u t i o n , i s c o n v e r t e d a n d c o n v e r s i o n e f f i c i ency i s m o r e
t h a n 9 5 % . M o r e o v e r , h i g h D E l i q u i d glucose i s o b t a i n e d . T h e p a t e n t fo r t h e
process is p e n d i n g .
A m i n i ( p i l o t ) p l a n t has r e c e n t l y been e r e c t e d a t A k o l a a n d t r i a l r u n w i l l
b e t a k e n v e r y sho r t ly . H o w e v e r , t e s t i n g o f a l l sect ions o f t h e m i n i p l a n t has
b e e n d o n e a n d f o u n d sat is factory. T h e w h o l e u n i t w i l l be r u n shor t ly . Samples
w i l l be sent t o e n d users t o k n o w t h e i r r e a c t i o n . T h e process m a y be m o d i f i e d
t o su i t t h e r e q u i r e m e n t o f va r ious i n d u s t r i e s u t i l i z i n g l i q u i d glucose. I f t h i s
process p roves to be successful , s m a l l i n d e p e n d e n t u n i t s can be c o m m i s s i o n e d
a n d grains o f any q u a l i t y c o u l d b e used . T h e y i e l d o f l i q u i d glucose, however ,
w o u l d d e p e n d u p o n t h e q u a n t u m o f s ta rch p resen t i n t h e grains.
Grain spirit 
Ind i a had been p r o d u c i n g e thano l f r o m molasses t ha t was t h e cheapest source due
t o c o n t r o l l e d p r ice and regu la t ion o f supplies b y t h e G o v e r n m e n t o f Ind ia . B u t
d e c o n t r o l o f p r i ce and supplies r e su l t ed i n escalation o f pr ice f r o m m e r e l y Rs 144
t - 1 t o Rs 2 0 0 0 t - 1 i n Maharash t r a and up to Rs 4 0 0 0 t - 1 i n o ther states. Th i s has
increased e thanol prices to Rs 1 8 - 2 0 L - 1 in d i f f e ren t states f r o m on ly Rs 6 .60 L - 1 in
1994 . T h i s has r e su l t ed in par t ia l capacity u t i l i z a t i on o f ex is t ing dis t i l ler ies in
Ind ia . T h e molasses-based dis t i l ler ies hard ly r u n for 150 to 170 days a year.
T h e o n g o i n g e c o n o m i c l i b e r a l i z a t i o n i n I n d i a has m a d e i t o b l i g a t o r y o n
t h e p a r t o f I n d i a n l i q u o r i n d u s t r i e s t o i m p r o v e t h e q u a l i t y o f e t h y l a l coho l s o a s
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t o c o m p e t e g loba l ly . E t h y l a l c o h o l o b t a i n e d f r o m molasses con ta in s s u l f u r a n d
hence t h e q u a l i t y i s i n f e r i o r t o t h a t f r o m non-molasses a l c o h o l even af te r
p u r i f i c a t i o n . M o r e o v e r , t h e process i s n o t e c o - f r i e n d l y a s i t generates m o r e
e f f l u e n t s . I n t h e d e v e l o p e d c o u n t r i e s , e t h a n o l i s m a d e f r o m m a i z e , w h e a t a n d
r y e (Secale cereale) . I n C h i n a , m a x i m u m e t h a n o l p r o d u c t i o n i s f r o m s w e e t
s o r g h u m . I n B r a z i l , e t h a n o l i s p r o d u c e d m o s t l y f r o m cane j u i c e f o l l o w e d b y
s w e e t s o r g h u m . N o w m o s t o f t h e l e ad ing b r e w e r i e s have s igned a 
M e m o r a n d u m o f U n d e r s t a n d i n g ( M O U ) t o m a n u f a c t u r e w o r l d f a m o u s
b rands i n I n d i a . H e n c e t h e r e i s a n e w m a r k e t f o r g o o d q u a l i t y a l c o h o l f r o m
f e e d s tocks o t h e r t h a n molasses .
S u p e r i o r i t y o f a l c o h o l f r o m s o r g h u m grains has a t t r a c t e d m a n y f o r e i g n
inves to r s a n d l i q u o r m a n u f a c t u r e r s s ince t h e cost o f p r o d u c t i o n i s less i n I n d i a .
T h e a l c o h o l p r o d u c e d f rom grains i s n e u t r a l a l c o h o l and needs v e r y less
r e f i n e m e n t t o m e e t i n t e r n a t i o n a l s tandards whe rea s t h a t f r o m molasses i s
r e c t i f i e d s p i r i t a n d needs m u c h r e f i n e m e n t even t h o u g h i t w o u l d n o t b e o f
h i g h q u a l i t y . T h e t e c h n o l o g y was d e v e l o p e d a n d d e m o n s t r a t e d a t P D K V a n d a 
s i m p l e s ingle c o m p a c t c o l u m n t o y i e l d m o r e t h a n 9 0 % s t r e n g t h a l c o h o l was
also d e v e l o p e d . A n e f f l u e n t t r e a t m e n t process u s i n g v a c c u o p o r a t i o n
t e c h n o l o g y was also d e v e l o p e d . A r o u n d 2 2 t o 2 6 % d i s t i l l e r s ' grains c o n t a i n i n g
27 t o 2 8 % p r o t e i n i s also o b t a i n e d , w h i c h i s an e x c e l l e n t f e e d . S o l u b l e sol ids
are c o n c e n t r a t e d us ing m u l t i p l e v a c u u m e v a p o r a t o r a n d m i x e d w i t h d i s t i l l e r s '
grains a n d d r i e d ; t h e p r o d u c t has e x p o r t p o t e n t i a l t o o .
T h e advantages o f p r e p a r i n g n e u t r a l a l c o h o l f r o m s o r g h u m g r a i n ove r
molasses are g i v e n b e l o w :
• A l c o h o l p r o d u c t i o n f r o m s o r g h u m can b e a f a r m - b a s e d i n d u s t r y . M i c r o
d i s t i l l e r i e s can be e s t ab l i shed .
• O n l y 3 to 4 c o l u m n s are r e q u i r e d as against 7 to 9 in molasses-based
i n d u s t r y f o r e x t r a n e u t r a l a l c o h o l .
• A r o m a a n d p u r i t y o f a l c o h o l i s far b e t t e r t h a n f r o m molasses. A l l ove r t h e
w o r l d , g r a i n s p i r i t i s o n l y u s e d f o r p o t a b l e purposes , p h a r m a c e u t i c a l s a n d
p e r f u m e r y s ince i t does n o t have s u l f u r odor .
• I n d u s t r y can r u n r o u n d t h e year a s d i s t i l l e r y i n sugar i n d u s t r y r u n s o n l y f o r
1 5 0 - 1 7 0 days y r - 1 .
• S torage o f molasses, a c i d res i s tan t e q u i p m e n t a n d m o r e p o l l u t i o n are t h e
disadvantages i n t h e sugar i n d u s t r y . H o w e v e r , i n s o r g h u m - b a s e d i n d u s t r y ,
t h e r e i s n o s torage p r o b l e m a n d h i g h pressure o r a c i d res i s tan t e q u i p m e n t i s
n o t r e q u i r e d .
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• Q u a n t i t y o f spent w a s h i s a r o u n d 1/4 o f t h a t i n molasses-based u n i t .
C h e m i c a l o x y g e n d e m a n d , b i o l o g i c a l o x y g e n d e m a n d a n d c o l o r o f spent
w a s h are v e r y less in gra in-based d i s t i l l e r y .
• R a w m a t e r i a l i s easily avai lable r o u n d t h e year. G r a i n s o f any q u a l i t y can be
used; r a i n - d a m a g e d a n d m o l d y grains also can be processed.
• Excess r a i n y season p r o d u c t i o n a n d b l a c k e n e d grains can w e l l be d i sposed
o f f b y va lue a d d i t i o n .
• In I n d i a t h e r e i s no p r i c e r e s t r i c t i o n on t h e sale o f g ra in s p i r i t whereas t h e r e
i s r e s t r i c t i o n f o r molasses-based a l c o h o l .
No l icense i s necessary fo r m a n u f a c t u r i n g a lcohol f r o m non-molasses. T h e
G o v e r n m e n t o f Maharash t r a has been e m p o w e r e d t o t ake t h e decis ion for
p e r m i t t i n g a l coho l p r o d u c t i o n f r o m s o r g h u m grains. Se lec t ion o f yeast strains
and c o n d i t i o n s fo r m a x i m u m y i e l d have already been w o r k e d o u t a t P D K V T h e
m a c h i n e r y f o r a l l t h e p r o d u c t s i s i nd igenous ly available. C o n s i d e r i n g t h e u t i l i t i e s
of t h e s o r g h u m c rop , i t can be said t h a t i t i s a F4 ( f o o d , fodder , feed, fue l ) c r o p
a n d i s an exce l l en t r a w m a t e r i a l f o r m a n y indus t r i es . Need-based research i s
necessary so t h a t m e n u - m a d e s o r g h u m can be d e l i v e r e d ( S o m a n i 2 0 0 2 ) .
S w e e t s o r g h u m has e n o r m o u s p o t e n t i a l w h e r e bagasse can be used for
p a r t i c l e b o a r d , o r feed or fo r p u l p purposes . In shor t , s o r g h u m has a b r i g h t
f u t u r e a n d research s h o u l d b e o r i e n t e d t o i m p r o v e t h e q u a l i t y cons ider ing t h e
r e q u i r e m e n t s o f indus t r i e s . Rainy season s o r g h u m , w h i c h i s usual ly damaged
d u e t o rains, can w e l l b e d isposed o f f t o p r o d u c e va lue-added p r o d u c t s . I n case
p r o d u c e r s get g o o d p r i c e fo r t h e i r p r o d u c e t h a t w i l l be an incen t ive fo r in tens ive
c u l t i v a t i o n w i t h m o r e f a r m i n p u t s t o increase o u t p u t and thus Ind i a m a y b e a 
lead ing c o u n t r y in e x p o r t i n g n o t o n l y grains b u t also grain-based p roduc t s .
T r a d i t i o n a l s o r g h u m f o o d s a n d b e v e r a g e s
T h e i m p o r t a n c e o f s o r g h u m i n A f r i c a can b e ad judged f r o m t h e fac t t h a t t h e r e
i s a n a l m o s t b e w i l d e r i n g v a r i e t y o f A f r i c a n t r a d i t i o n a l s o r g h u m foods a n d
beverages. These i n c l u d e : w h o l e g ra in r i c e - t y p e p r o d u c t s , breads a n d
pancakes, d u m p l i n g s a n d couscous, por r idges , gruels , opaque a n d c l o u d y
beers , a n d n o n - a l c o h o l i c f e r m e n t e d beverages.
A cha rac t e r i s t i c of m a n y A f r i c a n s o r g h u m foods and beverages i s t h a t as
p a r t o f t h e i r p r o d u c t i o n , t h e y u n d e r g o a l ac t i c ac id f e r m e n t a t i o n b y lac t ic a c i d
bac te r i a , genera l ly o f t h e genus Lactobacillus. These so-ca l led ' f e r m e n t e d
f o o d s ' are a p p e t i z i n g l y sour i n taste . T h e f e r m e n t a t i o n i s also o f c r i t i c a l
i m p o r t a n c e w i t h regard t o s h e l f l i f e a n d safety o f f o o d i n A f r i c a . T h e
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p r o d u c t i o n o f l a c t i c a c i d l o w e r s p H o f t h e f o o d , w h i c h s lows d o w n o r p r e v e n t s
i t s spoi lage. A p a r t f r o m f o o d safety issue, m a n y o t h e r n u t r i t i o n a l advantages o f
l ac t i c a c i d f e r m e n t a t i o n have been f o u n d a n d c l a i m e d . F e r m e n t a t i o n increases
i n v i t r o c a r b o h y d r a t e a v a i l a b i l i t y a n d s t a r ch d i g e s t i b i l i t y . S i m i l a r l y , s o r g h u m
p r o t e i n i n v i t r o d i g e s t i b i l i t y i s i m p r o v e d . T h e B v i t a m i n s , p a r t i c u l a r l y
t h i a m i n e , are inc reased . E v e n t h o u g h f e r m e n t a t i o n does n o t change t h e
q u a n t i t y o f m i n e r a l s , t h e r e i s p r o b a b l y some i m p r o v e m e n t i n t h e i r ava i l ab i l i ty ,
s ince t h e q u a n t i t y o f p h y t a t e ( m y o i n o s i t o l h e x a p h o s p h a t e ) , a p o w e r f u l
c h e l a t o r o f d i v a l e n t m e t a l ions p r e sen t i n s o r g h u m a n d o t h e r cereals, i s
subs t an t i a l l y r e d u c e d b y f e r m e n t a t i o n . T w o f e r m e n t e d f o o d a n d beverage
p r o d u c t s , in je ra a n d s o r g h u m beer, are d e s c r i b e d t o i l l u s t r a t e t h e i m p o r t a n c e
a n d p o t e n t i a l o f t r a d i t i o n a l s o r g h u m foods i n A f r i c a .
Injera
Injera, a large circular, f e r m e n t e d pancake-l ike bread, is t he staple food of Eth iopia .
I t i s p r o d u c e d f r o m a n u m b e r of cereal f lours, b u t p r i m a r i l y t e f f (Eragrostis tef) and
sorghum, e i ther singly o r in combina t i on . A l t h o u g h ne i ther o f these grains con ta in
gluten , injera is a leavened bread w i t h at t ract ive spongy t e x t u r e .
To m a k e in jera , t h e g r a in i s f i r s t d e b r a n n e d , t h e n g r o u n d i n t o a f i n e f l o u r
us ing d i sk m i l l . T h e f l o u r i s m i x e d w i t h w a t e r i n 5 0 : 5 0 r a t i o a n d k n e a d e d t o
f o r m d o u g h . S t a r t e r c u l t u r e f r o m a p r e v i o u s f e r m e n t a t i o n i s a d d e d t o i n i t i a t e
f e r m e n t a t i o n . T h e d o u g h i s c o v e r e d a n d a l l o w e d t o s t a n d f o r 2 - 3 days. A 
p o r t i o n o f t h e d o u g h , a b o u t 5%, i s m i x e d w i t h w a t e r . T h i s s l u r r y i s a d d e d t o
t h e d o u g h a n d c o o k e d t o m a k e a g r u e l . T h e g r u e l , w h i c h con ta ins g e l a t i n i z e d
s ta rch , acts a s a b i n d e r a n d p r o v i d e s v iscos i ty . W h e n t h e f o a m collapses t h e
b a t t e r i s sp read on a h o t g r i d d l e a n d b a k e d c o v e r e d . G o o d in jera i s so f l e x i b l e
t h a t i t can b e f o l d e d o r r o l l e d .
Recen t ly , t h e r e has b e e n a r a p i d g r o w t h i n A f r i c a i n m a n y ' m o d e r n - t y p e '
fast foods , i n c l u d i n g f l a t breads a n d ' w r a p s ' c o n t a i n i n g f i l l i n g s . I n j e r a has huge
p o t e n t i a l f o r c o m m e r c i a l i z a t i o n i n t h i s m a r k e t . I n a d d i t i o n , t h e t e c h n o l o g y o f
g e l a t i n i z i n g p a r t o f t h e f l o u r t o m a k e a viscous ba t t e r , t h e s o c a l l e d ' c u s t a r d '
process has also successful ly b e e n a p p l i e d t o m a k e c o n v e n t i o n a l l eavened p a n
b r e a d f r o m s o r g h u m .
Sorghum beer
T h r o u g h o u t sub-Saharan A f r i c a , s o r g h u m i s t h e g ra in o f c h o i c e t o p r o d u c e
t r a d i t i o n a l c l o u d y a n d o p a q u e beers . T h e k e y i n g r e d i e n t o f these beers i s
s o r g h u m m a l t , w h i c h p r o v i d e s h y d r o l y t i c enzymes (especia l ly amylases t o
f e r m e n t sugars t o e t h a n o l a n d c a r b o n d i o x i d e ) , s t a rch ( t h e source o f
f e r m e n t a b l e sugars), yeast n u t r i e n t s a n d beer f l avor and co lo r substances.
Malting
I n s o u t h e r n A f r i c a , m a l t i n g s o r g h u m f o r opaque bee r b r e w i n g has d e v e l o p e d
i n t o a large-scale c o m m e r c i a l i n d u s t r y w i t h some 1 5 0 , 0 0 0 t o f s o r g h u m be ing
c o m m e r c i a l l y m a l t e d annual ly . T h i s f igu re i nc ludes a smal l a m o u n t o f s o r g h u m
m a l t e d f o r t h e p r o d u c t i o n o f a s o r g h u m m a l t breakfas t cereal ' M a l t a b e l a ' .
S o r g h u m i s also m a l t e d o n large-scale i n N i g e r i a f o r t h e p r o d u c t i o n o f lager
beer and s t o u t a n d fo r n o n a l c o h o l i c m a l t - b a s e d beverages. T h e q u a l i t y
c r i t e r i o n i s m a l t w i t h h i g h d ias ta t ic a c t i v i t y .
T h e s o r g h u m m a l t i n g process, b o t h t r a d i t i o n a l and m o d e r n c o m m e r c i a l ,
i s s p l i t i n t o t h r e e u n i t ope ra t i ons : s teep ing , g e r m i n a t i o n a n d d r y i n g . S teep ing i s
i m m e r s i n g t h e grains i n w a t e r u n t i l i t has i m b i b e d s u f f i c i e n t w a t e r t o i n i t i a t e
t h e m e t a b o l i c processes o f g e r m i n a t i o n . Besides, i t i s h e l p f u l t o r e m o v e
t a n n i n s a n d b r o k e n grains b y w a s h i n g a n d f l o a t a t i o n . I n a c t i v a t i o n o f t ann ins b y
soaking s o r g h u m gra in f o r 4 - 6 h a t t h e b e g i n n i n g o f s t eep ing in a v e r y d i l u t e
s o l u t i o n o f f o r m a l d e h y d e i s w i d e l y used . H o w e v e r , d i l u t e a lka l i seems t o b e
safer and i s n o w b e i n g u s e d in s t ead o f f o r m a l d e h y d e .
G e r m i n a t i o n invo lves seed l ing g r o w t h i n w a r m w a t e r - s a t u r a t e d air. I n
f l o o r m a l t i n g , t h e s t eeped grains are spread o u t on a c o n c r e t e f loor , in a layer
1 0 - 3 0 c m deep . T h e g e r m i n a t i n g g ra in m a y b e c o v e r e d w i t h a sack o r shade
c l o t h t o r e d u c e m o i s t u r e loss. T h e g ra in i s w a t e r e d a t i n t e rva l s . I n S o u t h
A f r i c a , nea r ly 1 0 0 , 0 0 0 t o f s o r g h u m are m a l t e d annua l ly by t h i s process.
P n e u m a t i c m a k i n g s are used t o p r o d u c e s o r g h u m m a l t f o r i n d u s t r i a l b r e w i n g .
T h e y c o m p r i s e r ec tangu la r o r c i r c u l a r chamber s 1-1.5 m deep and up to 1 0 0
m l o n g . T h e g e r m i n a t i n g g ra in rests on a s l o t t e d , s teel false f loor , b e l o w w h i c h
is a p l e n u m ( c h a m b e r ) . T h e g ra in i s ae ra ted by fans b l o w i n g air t h r o u g h t h e
p l e n u m a n d u p t h r o u g h t h e b e d o f m a l t . D u r i n g g e r m i n a t i o n t h e g ra in i s
w a t e r e d b y sp ray ing a n d t u r n e d b y he l i ca l screws w h i c h t raverse t h e c h a m b e r
f r e q u e n t l y .
D r y i n g invo lves r e d u c i n g t h e m o i s t u r e c o n t e n t o f g ra in s o r g h u m m a l t t o
a r o u n d 1 0 % t o p r o d u c e shelf-s table p r o d u c t . D r y i n g i s genera l ly c a r r i e d o u t i n
a b o x w i t h a p e r f o r a t e d f loor , s i m i l a r t o g e r m i n a t i o n b o x b u t i s r a t h e r deeper .
W a r m air i s b l o w n t h r o u g h t h e green m a l t . T h e air t e m p e r a t u r e s h o u l d n o t b e
m o r e t h a n 5 0 ° C . I n some o u t d o o r f l o o r m a l t i n g , t h e m a l t i s s u n - d r i e d .
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Brewing
Large-scale c o m m e r c i a l b r e w i n g o f o p a q u e bee r n o w takes p lace i n m a n y
c o u n t r i e s i n s o u t h e r n , c e n t r a l a n d eas tern A f r i c a . H o w e v e r , o n l y i n S o u t h
A f r i c a , Bo t swana , Z i m b a b w e , N a m i b i a a n d S w a z i l a n d b r e w i n g i s c a r r i e d o u t i n
t h e t r a d i t i o n a l w a y us ing s o r g h u m m a l t . I n o t h e r c o u n t r i e s , f ood -g rade
i n d u s t r i a l e n z y m e s are u s e d a s t h e source o f h y d r o l y t i c e n z y m e s . T o t a l o p a q u e
beer p r o d u c t i o n i n s o u t h e r n a n d eas te rn A f r i c a i s a r o u n d 1 ,700 m i l l i o n L y r - 1 .
A t least t w i c e t h i s v o l u m e i s h o m e b r e w e d us ing c o m m e r c i a l l y m a n u f a c t u r e d
s o r g h u m m a l t . I n S o u t h A f r i c a , t h e r e i s s t r o n g ev idence t h a t a s c o n s u m e r s
b e c o m e m o r e a f f l u e n t t h e y p r e f e r lager beer t o s o r g h u m beer.
A m o d e r n , e f f i c i e n t s o r g h u m beer b r e w i n g process - t h e sp l i t sour, d o u b l e
c o o k process - is desc r ibed . T h e r e are cons iderable var ia t ions in processes
d e p e n d i n g on reg iona l tastes a n d t h e e q u i p m e n t available in a p a r t i c u l a r
b r e w e r y . T h e lac t ic ac id f e r m e n t a t i o n k n o w n as sour ing i s an in t eg ra l pa r t o f t h e
b r e w i n g process. S o u r i n g involves i n c u b a t i n g 8 - 1 0 % s lu r ry o f s o r g h u m m a l t a t a 
s t r i c t l y c o n t r o l l e d t e m p e r a t u r e o f 4 8 - 5 0 ° C fo r a p e r i o d u p t o t w o days. T h e
lac t i c a c i d bac ter ia c u l t u r e i s m a i n t a i n e d . A d j u n c t c o o k i n g involves b o i l i n g s l u r ry
of cereal f o r 1.5-3 h a t a t m o s p h e r i c pressure, or f o r a r a the r shor t e r t i m e u n d e r
pressure. These long pe r iods b o t h gela t in ize a n d so lubi l ize t h e s ta rch . A p o r t i o n
o f t h e sour i s c o o k e d t o g e t h e r w i t h t h e ad junc t a n d a second p o r t i o n o f sour i s
a d d e d d u r i n g mash ing ; hence t h e n a m e ' sp l i t sour ' . T h e f i r s t p o r t i o n o f t h e sour
l o w e r s t h e p H o f t h e m a s h t o a r o u n d 4 .5 , close t o t h e o p t i m u m f o r t h e s o r g h u m
m a l t amylases. T h e serial m a s h i s t h e n c o o l e d us ing p la t e o r t u b u l a r heat
exchangers. M a s h i n g o r as i t i s k n o w n in opaque beer b r e w i n g , ' conve r s ion ' i s
t h e n c a r r i e d o u t , and a q u a n t i t y o f conver s ion m a l t (about 2 5 % o f cereal
ad junc t ) i s a d d e d . C o n v e r s i o n is a t cons tan t t e m p e r a t u r e fo r a p p r o x i m a t e l y 1.5
h . M a s h i n g a ims to so lub i l i ze and e n z y m a t i c a l l y h y d r o l y z e t h e cereal t o create a 
f e r m e n t a b l e w o r t . A t t h e e n d o f t h e m a s h i n g p e r i o d , t h e second p o r t i o n o f sour
i s a d d e d t o b r i n g t h e p H t o t h e des i r ed p H o f t h e beer, a r o u n d p H 3.8. T h e
w h o l e m a s h i s t h e n c o o k e d again; hence t h e n a m e ' d o u b l e cook ' . T h i s gelat inizes
al l t h e conver s ion m a l t a n d second sour s ta rch . T h i s s tep grea t ly i m p r o v e s t h e
e f f i c i ency o f t h e process. To o b t a i n t h e des i r ed viscosity, a shor t m a s h i n g p e r i o d
of abou t 15 m i n u t e s a t a r o u n d 6 0 ° C i s p e r f o r m e d af ter c o o k i n g . A sma l l
q u a n t i t y o f m a l t o r i n d u s t r i a l amylase i s a d d e d t o t h i n t h e mash .
T h e spen t g r a in i s r e m o v e d by a process k n o w n as s t r a i n i n g . T h e m a s h i s
s t r a i n e d a t e l e v a t e d t e m p e r a t u r e u s ing h i g h - s p e e d c e n t r i f u g a l decan te r s .
D e c a n t e r s separate p r i m a r i l y o n t h e basis o f g r a v i t y a n d r e m o v e i n s o l u b l e
164
m a t e r i a l such a s r a w s ta rch i n s o l u b l e p r o t e i n a n d f iber . A f t e r decan t i ng , t h e
w o r t i s i n v a r i a b l y passed t h r o u g h f ine v i b r a t i n g screen t o r e m o v e coarse
m a t e r i a l o f l o w d e n s i t y such a s m a l t p e r i c a r p .
T h e w o r t i s t h e n c o o l e d t o 3 0 ° C b y heat exchange and p i t c h e d w i t h act ive
d r i e d yeast. T h e p i t c h e d w o r t i s t h e n e i the r f e r m e n t e d i n b u l k for d raugh t sale
or packaged i n t o conta iners . A w i d e range of sizes of containers are used, f r o m 1 
t o 2 0 L , a n d d i f f e r i n t y p e f r o m non- re tu rnab le ca rdboard cartons and l o w -
dens i t y p o l y e t h y l e n e b o t t l e s t o r e tu rnab l e h igh-dens i ty p o l y e t h y l e n e bo t t l e s and
d r u m s . A l l t h e conta iners have i n c o m m o n smal l slits o r vents i n t h e t o p t o a l l o w
t h e escape o f c a rbon d i o x i d e f r o m t h e ac t ive ly f e r m e n t i n g beer. O p a q u e beer i s
d i s t r i b u t e d a n d c o n s u m e d w h i l e ac t ive ly f e r m e n t i n g .
Non-traditional food and beverage products
Sorghum instant soft porridge
' M o r v i t e ' , a p r o d u c t o f K i n g F o o d i n S o u t h A f r i c a (pa r t o f t h e T i g e r Foods
g r o u p ) i s p r e - c o o k e d s o r g h u m w i t h a d d e d v i t a m i n s (hence t h e n a m e ) , p lus
c i t r i c ac id , sugar a n d o t h e r swee teners . I t i s a d r y p o w d e r t o w h i c h one s i m p l y
adds e i t h e r h o t o r c o l d w a t e r o r m i l k t o m a k e a n in s t an t breakfas t p o r r i d g e o r
beverage . M o r v i t e ( 1 0 0 g ) makes a subs tan t ia l c o n t r i b u t i o n t o t h e
r e c o m m e n d e d d i e t a r y a l l o w a n c e ( R D A ) f o r p r o t e i n , v i t a m i n s A , B , C , D and
E, a n d m i n e r a l s such as c a l c i u m , p h o s p h o r u s , i r o n and i o d i n e .
M o r v i t e was o r i g i n a l l y d e v e l o p e d as an easy to p repare and c o n s u m e m i d -
sh i f t n u t r i e n t s u p p l e m e n t f o r m i n e r s . Later , i t was a d o p t e d b y p r o v i n c i a l
g o v e r n m e n t s i n S o u t h A f r i c a f o r s choo l meals . Perhaps m o s t in te res t ing ly ,
M o r v i t e has f o u n d a p lace on t h e s u p e r m a r k e t shelves. Since 2 0 0 0 , annua l
p r o d u c t i o n has inc reased b y 2 0 % a n d i s n o w abou t 1 2 , 0 0 0 t , w h i c h i s 1 5 t o
2 0 % o f S o u t h A f r i c a ' s e n t i r e c o m m e r c i a l s o r g h u m m i l l i n g p r o d u c t i o n . M o r v i t e
is such a success t h a t K i n g F o o d i s i nves t i ng in a d d i t i o n a l m a n u f a c t u r i n g
capac i ty a n d i s b r i n g i n g o u t f l a v o r e d var ie t ies .
A n instant s o r g h u m por r idge l ike M o r v i t e i s re la t ively s imple t o
manufac tu re . I n a d d i t i o n t o t h e n o r m a l dehu l l i ng and m i l l i n g machines, i t requires
e q u i p m e n t fo r d r y cook ing , such as an ex t rus ion cooker or gun puf fe r and a r i b b o n
b lende r t o m i x t h e d r y ingredients . D u e t o its ease o f manufac ture , M o r v i t e i s so ld
in t h e supe rmarke t a t about h a l f t h e pr ice of oat (Avena sativa) por r idge and one-
t h i r d t h e p r i ce o f cornflakes. Hence , th is t y p e o f value-added so rghum p r o d u c t i s
an a t t rac t ive choice fo r b o t h t h e manufac tu re r and consumer.
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Malt beverages
I n N i g e r i a , a w i d e v a r i e t y o f n o n - a l c o h o l i c m a l t beverages are v e r y p o p u l a r .
These i n c l u d e b o t h b o t t l e d ' b r e w e d ' n o n - a l c o h o l i c m a l t d r i n k s such a s ' M a l t a '
p r o d u c t s o f t h e G u i n n e s s a n d H e i n e k e n c o m p a n i e s a n d h o t , m a l t a n d cocoa,
p o w d e r - b a s e d d r i n k s such a s ' M i l o ' , a N e s t l e p r o d u c t . T r a d i t i o n a l l y these
p r o d u c t s are p r o d u c e d u s i n g b a r l e y ( H o r d e u m vulgare) m a l t e x t r a c t . M a l t
e x t r a c t i s a swee t , sugar - r i ch w o r t ( u n f e r m e n t e d b e e r ) , w h i c h can be
c o n c e n t r a t e d b y e v a p o r a t i o n t o a d a r k - c o l o r e d , r i c h l y f l a v o r e d s y r u p o r d r y
p o w d e r . I n 1 9 8 8 , t h e N i g e r i a n g o v e r n m e n t b a n n e d t h e i m p o r t o f b a r l e y a n d
o t h e r cereals, t o save f o r e i g n exchange . T h i s f o r c e d f o o d a n d beverage
m a n u f a c t u r e r s t o d e v e l o p l oca l cereal a l t e rna t ives . S u i t a b l e s o r g h u m c u l t i v a r s ,
such a s t h e w h i t e Farafara f o r beer b r e w i n g a n d y e l l o w S h o r t K o w r i e f o r m a l t
beverages have b e e n se l ec t ed a n d n o w c u l t i v a t e d o n large scale. S o r g h u m
m a l t i n g i n N i g e r i a has n o w b e c o m e a m a j o r i n d u s t r y b o t h fo r lager a n d s t o u t
bee r b r e w i n g a n d f o r m a l t beverage m a n u f a c t u r e , w i t h a p p r o x i m a t e l y 1 5 , 0 0 0
t o f s o r g h u m b e i n g m a l t e d annual ly .
To c o m p l e t e l y ge la t in i ze a n d so lub i l i z e t h e s t a r ch a n d to conserve (3-
amylase a c t i v i t y o f t h e s o r g h u m m a l t , w h i c h a s s t a t ed i s r a t h e r l o w , special
m a s h i n g processes have b e e n d e v e l o p e d . These are based o n t h e p r i n c i p l e o f
d e c o c t i o n , w h e r e b y a p o r t i o n o f t h e m a s h c o n t a i n i n g t h e s t a r c h i s r e m o v e d ,
c o o k e d t o ge la t in i ze t h e s t a r ch a n d t h e n a d d e d b a c k t o t h e res t o f t h e m a s h t o
b e e n z y m a t i c a l l y h y d r o l y z e d i n t o sugars. D e c o c t i o n m a y b e c a r r i e d o u t i n a 
s ingle s tep , o r i n a n u m b e r o f steps o f p rogress ive ly inc reas ing t e m p e r a t u r e .
T h e l a t t e r m e t h o d p r o v i d e s m o r e o p t i m u m c o n d i t i o n s f o r d i f f e r e n t m a l t
enzymes . Technolog ies have also been d e v e l o p e d t o roast s o r g h u m m a l t f o r
m a l t beverages t o p r o d u c e t h e r e q u i r e d c o l o r a n d a c o m p l e x , n u t t y , s w e e t
c h o c o l a t e a r o m a , cha rac t e r i s t i c o f b a r l e y m a l t .
D e s p i t e t h e fac t t h a t t h e b a n o n cerea l i m p o r t has l o n g since been
r e s c i n d e d , l oca l s o r g h u m has b e c o m e t h e g ra in o f c h o i c e i n N i g e r i a f o r b o t h
bee r b r e w i n g a n d m a l t beverage m a n u f a c t u r e . These d e v e l o p m e n t s have
b e n e f i t e d l o c a l f a r m e r s a n d l e d t o i n d u s t r i a l d e v e l o p m e n t a s w e l l a s saving t h e
cos t o f unnecessary i m p o r t s .
Lager beer
A s descr ibed, s o r g h u m b r e w i n g i n Nige r i a s ta r ted o u t o f necessity. H o w e v e r ,
because of i ts cost-effectiveness and u n i q u e proper t ies , s o r g h u m is be ing used fo r
lager b r e w i n g e lsewhere i n A f r i c a . T h e S o u t h A f r i c a n B r e w e r i e s - M i l l e r g roup ,
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w h i c h runs m a n y brewer ies t h r o u g h o u t Af r i ca , after m u c h d e v e l o p m e n t w o r k ,
has begun c o m m e r c i a l b r e w i n g o f so rghum lager beer in Uganda. T h e Uganda
s tory w i l l be descr ibed as i t is an t i c ipa ted t ha t i t w i l l serve as a m o d e l for s imi lar
schemes in o the r A f r i c a n countr ies w h e r e t h e use o f bar ley i s uneconomica l .
D e v e l o p m e n t o f local c o m m e r c i a l so rghum fa rming i s t h e major a i m o f t h e
pro jec t w h i c h began in 2001 w i t h select ion o f a suitable local var ie ty for b r e w i n g .
Epur ipu r , a tannin-free , corneous endosperm, wh i t e -g ra ined var ie ty was selected.
I t was deve loped by t h e Serere A n i m a l and A g r i c u l t u r a l Research I n s t i t u t e i n
Uganda and f i rs t released in 1995 . I t has a y i e l d po t en t i a l o f 2 . 5 - 3 . 0 t h a 1 . In
January 2 0 0 2 , seed m u l t i p l i c a t i o n s tar ted. S o r g h u m i s n o w be ing g r o w n in Sore t i
and K u m i d is t r ic t s t h a t p rev ious ly g r ew c o t t o n (Gossypium sp) b u t have for m a n y
years been w i t h o u t a cash c rop . Farmers g r o w i n g th i s so rghum var ie ty unde r
con t rac t fo r N i l e Brewer ies can expec t a good guaranteed pr ice o f U S $ 150 t - 1 . I t i s
an t i c ipa t ed t h a t any surpluses w i l l be read i ly so ld t o f o o d a id organizations such as
the W o r l d Food Programme, as E p u r i p u r is a h igh qua l i t y food-grade sorghum.
In te res t f rom farmers has been a lmost o v e r w h e l m i n g , w i t h applicat ions f r o m
every area in Uganda f r o m nearly 1000 farmers o r f a rmer groups.
A l t h o u g h t h e de ta i l s o f t h e b r e w i n g process are n o t r e p o r t e d , i t i s k n o w n
t h a t s o r g h u m gra in ( n o t m a l t ) i s used a n d t h e process invo lves conve r s ion w i t h
i n d u s t r i a l enzymes . W h a t i s p a r t i c u l a r l y i n t e r e s t i n g i s t h a t s o r g h u m was
se lec ted , r a t h e r t h a n ma ize , because i t was f o u n d t h a t t h e r e i s n o fa t r a n c i d i t y
p r o b l e m w i t h s o r g h u m . T h e beer, w h i c h i s c a l l e d Eagle Lager, was l a u n c h e d i n
January 2 0 0 3 a n d so far sales are exceed ing al l p r e d i c t e d es t imates . I t i s
a n t i c i p a t e d t h a t t h e annua l r e q u i r e m e n t f o r s o r g h u m w i l l s h o r t l y b e a r o u n d
3 , 0 0 0 t . I t i s c lear t h a t b r e w i n g lager beer w i t h s o r g h u m i n t h i s w a y can r e su l t
i n a q u a l i t y p r o d u c t , w h i c h i s m u c h m o r e a f fo rdab le t h a n beer b r e w e d w i t h
b a r l e y m a l t . I nc reased d e m a n d r e s u l t i n g f r o m a f f o r d a b i l i t y w i l l l ead t o greater
r e q u i r e m e n t f o r s o r g h u m b r i n g i n g d i r e c t b e n e f i t t o l oca l f a r m e r s .
A r e p o r t o n " A n o v e r v i e w o f t h e p o t e n t i a l o f s o r g h u m and m i l l e t s f o r
i n d u s t r i a l uses i n I n d i a " has been p r e p a r e d fo r N R I , w h e r e i n t h e p resen t
u t i l i z a t i o n a n d scope have been h i g h l i g h t e d ( S o m a n i 1 9 9 6 ) . R e c e n t l y a j o i n t
su rvey b y N R I , I C R I S A T P D K V a n d t h e N a t i o n a l Research C e n t r e f o r
S o r g h u m ( N R C S ) , H y d e r a b a d was t a k e n u p t o s t u d y t h e d i f f i c u l t i e s i n
u t i l i z i n g s o r g h u m i n va r ious agro-based i n d u s t r i e s . T h i s survey a n d
ques t ionna i r e s r evea l ed t h a t t h e r e i s some m i s u n d e r s t a n d i n g w i t h t h e f eed
i n d u s t r i e s a n d va r i a t ions i n t h e po l ic ies o f t h e State G o v e r n m e n t s . I t i s
necessary t o cap i t a l i ze t h i s c r o p fo r i m p r o v i n g r u r a l e c o n o m y espec ia l ly i n
r a i n f e d a g r i c u l t u r e sy s t em.
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Processing of Sorghum and Pearl Mil let for
Promoting Wider Util ization for Food
SZ AM, MS Meera and NG Malleshi1
Abstract
Sorghum and pearl millet, the major coarse grain cereals in Asia and Africa, are 
being predominantly used for food purposes after conversion to traditional 
products. Although sorghum is now emerging as an important feed material, pearl 
millet has still remained a food crop in India and Africa. Diversified utilization of 
these crops for food, feed and industrial purposes is expected to promote their 
increased production and utilization in the future. Absence of appropriate primary 
processing technologies to yield shelf-stable flour/products has been the major 
limiting factor in their utilization for diversified food uses and development of 
value-added products. Some recent works have shown this possibility. Technologies 
for production of shelf-stable refined flour, grits and semolina from sorghum and 
millet have been developed and laboratory studies have demonstrated their 
successful utilization and incorporation into various traditional foods ( i d l i , dosa,
chakli , papad, etc) and newer convenience health products (vermicelli, noodles, 
plain and ready-to-eat flakes, extruded products, weaning and supplementary 
foods, and bakery products). Efforts are needed for popularization and wider 
adoption of the successful technologies to promote these grains for diversification 
of their utilization among the non-traditional urban population. 
S o r g h u m (Sorghum bicolor), m a i z e (Zea mays), p e a r l m i l l e t (Pennisetum 
glaucum) a n d o t h e r m i l l e t s are c l a s s i f i e d as coarse g ra in cereals , p e r h a p s
because o f t h e i r h a r d g r a i n t e x t u r e ( M u r t y a n d K u m a r 1 9 9 5 ) . W h i l e
s o r g h u m a n d p e a r l m i l l e t are i m p o r t a n t s t ap le f o o d gra ins i n A s i a a n d
A f r i c a , t h e y are u s e d a s t h e m a i n c o m p o n e n t i n f e e d f o r m u l a t i o n s i n o t h e r
par t s o f t h e w o r l d . G r o w n g e n e r a l l y i n n o n - i r r i g a t e d a n d r a i n f e d l ands , w i t h
v e r y l i t t l e a g r i c u l t u r a l i n p u t s a s c o m p a r e d to w h e a t (Triticum aestivum) 
a n d r i c e (Oryza sativa), t h e y are i m p o r t a n t f o r f o o d s e c u r i t y i n A s i a a n d
A f r i c a .
B o t h s o r g h u m a n d p e a r l m i l l e t c o m p l e m e n t w e l l w i t h l y s i n e - r i c h
vege tab le ( l e g u m i n o u s ) a n d a n i m a l p r o t e i n s a n d f o r m n u t r i t i o n a l l y ba lanced
c o m p o s i t e foods o f h i g h b io log i ca l va lue . C a r b o h y d r a t e s o f s o r g h u m and pear l
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m i l l e t c o m p r i s e a large p r o p o r t i o n o f s t a rch ( 6 5 - 7 0 % ) a n d a g o o d a m o u n t
( 1 6 - 2 0 % ) o f n o n - s t a r c h y po lysacchar ides ( N S P ) . T h e NSP, w h i c h c o n s t i t u t e
near ly 9 5 % o f t h e d i e t a r y f i b e r o f t h e g ra in , are d e r i v e d n o t o n l y f r o m b r a n b u t
also f r o m t h e e n d o s p e r m c e l l w a l l s . T h e r e are n o r e p o r t s o f any adverse e f fec ts
o f regu la r c o n s u m p t i o n o f s o r g h u m a n d m i l l e t , e spec ia l ly i n t h e I n d i a n
s u b c o n t i n e n t . O n t h e o t h e r h a n d , i n c i d e n c e o f d iabe tes m e l l i t u s a n d gas t ro-
i n t e s t i n a l d i so rde r s are m i n i m a l a m o n g t h e p o p u l a t i o n us ing these grains a s
s taple f o o d .
C o n s t r a i n t s i n p rocess ing a n d w i d e r u t i l i z a t i o n
A l t h o u g h s o r g h u m a n d p e a r l m i l l e t are n u t r i t i o u s a n d s taple foods f o r m i l l i o n s
i n t h e u n d e r - p r i v i l e g e d sec t i on o f t h e society, t h e i r inc reased u t i l i z a t i o n and
d i v e r s i f i c a t i o n i s i m p e d e d b y p r o b l e m s m o s t l y r e l a t e d t o m i l l i n g a n d storage
charac te r i s t i c s ( V a r r i a n o - M a r s t o n a n d H o s e n e y 1 9 8 3 ) . These grains are
k n o w n f o r t h e i r h i g h ( 3 - 7 % ) fa t c o n t e n t ; t h e k e r n e l , b r a n a n d g e r m c o n t a i n a 
m a j o r p o r t i o n o f t h e l i p i d m a t e r i a l (Se rna-Sa ld iva r a n d Rooney 1 9 9 7 ) .
R e l a t i v e l y less w o r k has been c a r r i e d o u t o n t h e n u t r i t i o n a l q u a l i t y o f
pear l m i l l e t . T h e p r o t e i n e f f i c i e n c y r a t i o (PER) o f p e a r l m i l l e t i s h i g h e r t h a n
t h a t o f s o r g h u m o r w h e a t (Rao e t a l . 1 9 6 4 , P u s h p a m m a e t a l . 1 9 7 2 , O k e
1 9 7 7 ) . T h e n u t r i t i o n a l q u a l i t y o f s o r g h u m i s genera l ly a f f e c t e d d u e t o t h e
presence o f t a n n i n a n d p o o r p r o t e i n d i g e s t i b i l i t y . T a n n i n i n s o r g h u m reduces
d i g e s t i b i l i t y and e f f i c i e n c y o f u t i l i z a t i o n o f abso rbed n u t r i e n t s b y 3 t o 1 5 % and
hence an ima l s t h a t c o n s u m e b r o w n o r h i g h t a n n i n s o r g h u m a t t h e same o r
s l i g h t l y h i g h e r rates d o n o t ga in a s m u c h w e i g h t ( W a n i s k a a n d Rooney 2 0 0 0 ) .
T h e c o n t e n t o f t a n n i n can b e r e d u c e d b y p rocess ing such a s d e c o r t i c a t i o n ,
m a l t i n g , f e r m e n t a t i o n a n d c o o k i n g .
A n o t h e r a n t i - n u t r i t i o n a l f a c t o r i s t h e presence o f p h y t i c a c i d a n d
p h y t a t e s i n t h e a l eu rone layers , a n d t o a lesser e x t e n t i n t h e g e r m o f s o r g h u m .
P h y t i c a c i d f o r m s c o m p l e x e s w i t h t h e essent ial m i n e r a l s m a k i n g t h e m
unava i l ab l e f o r a b s o r p t i o n ( L a s z t i t y a n d L a s z t i t y 1 9 9 0 , B e n e t o a n d M i l l e r
1 9 9 8 ) . P h y t a t e c o n t e n t can b e r e d u c e d b y abrasive m i l l i n g , w h i c h r e m o v e s t h e
p e r i c a r p a n d a l eu rone ( D o h e r t y e t a l . 1 9 8 1 , 1 9 8 2 ) . F e r m e n t a t i o n a n d m a l t i n g
are o t h e r e f f e c t i v e m e t h o d s t o decrease t h e c o n t e n t o f p h y t i c a c i d . M a l t i n g o f
p e a r l m i l l e t r educes t h e c o n t e n t o f oxa l i c ac id , a n a n t i - n u t r i t i o n a l c o m p o u n d
s h o w n t o f o r m a n i n s o l u b l e c o m p l e x w i t h c a l c i u m , a n d t h u s reduces i t s b i o -
a v a i l a b i l i t y ( O p o k u e t a l . 1 9 8 1 , W h i t n e y e t a l . 1 9 8 7 ) .
A n o t h e r m a j o r l i m i t a t i o n i n u t i l i z a t i o n o f s o r g h u m w o r l d w i d e i s t h e
o c c u r r e n c e o f m o l d s ( a n d w e a t h e r d a m a g e ) t h a t r e d u c e s g r a i n y i e l d a n d
q u a l i t y w h i c h f u r t h e r a f f ec t s t h e p h y s i c a l p r o p e r t i e s , p r o c e s s i n g ,
n u t r i t i o n a l v a l u e a n d m a r k e t v a l u e ( G l u e c k a n d R o o n e y 1 9 8 0 ) . M o l d o r
w e a t h e r - d a m a g e d gra ins c a n n o t b e d e c o r t i c a t e d , s ince t h e f l o u r a n d g r i t s
are b a d l y d i s c o l o r e d a n d c a n n o t b e u s e d f o r f o o d a n d b r e w i n g . K u m a r e t a l .
( 1 9 9 1 ) have s h o w n t h a t m i l l i n g a n d p o p p i n g o f m o l d - i n f e s t e d gra ins
r e d u c e d t h e i n t e n s i t y o f s e e d b o r n e m i c r o f l o r a . Excess ive c o n s u m p t i o n o f
p e a r l m i l l e t has b e e n i m p l i c a t e d i n t h e o c c u r r e n c e o f e n d e m i c g o i t r e i n
s o m e areas o f S u d a n ( O s m a n a n d Fa t ah 1 9 8 1 ) . T h e p h e n o l i c f l a v o n o i d
c o m p o u n d s , C - g l y c o s y l f l avones a n d t h e i r m e t a b o l i t e s , are t h e f a c t o r s
r e s p o n s i b l e f o r c aus ing g o i t r o g e n e c i t y ( B i r z e r a n d K l o p f e n s t e i n 1 9 8 8 ,
G a i t a n e t a l . 1 9 8 9 ) . T h e c o m p o u n d s are also s h o w n t o b e r e s p o n s i b l e f o r
t h e g r a y c o l o r a n d o f f - o d o r s ( R e d d y e t a l . 1 9 8 6 ) . A n t i - t h y r o i d p r o p e r t i e s
o f p e a r l m i l l e t c an b e r e d u c e d b y a u t o c l a v i n g a n d d e c o r t i c a t i n g t h e m i l l e t
g ra ins .
T r a d i t i o n a l f o o d s f r o m s o r g h u m a n d mi l le ts
V a r i o u s f o o d s f r o m s o r g h u m a n d p e a r l m i l l e t are t r a d i t i o n a l l y p r e p a r e d a n d
c o n s u m e d o v e r c e n t u r i e s i n t h e I n d i a n s u b c o n t i n e n t , A f r i c a a n d i n C e n t r a l
A m e r i c a . M a j o r i t y o f t h e m are m a d e f r o m f l o u r , e i t h e r f r o m t h e w h o l e
g r a i n o r p a r t i a l l y d e c o r t i c a t e d g ra ins . T h e s e i n c l u d e u n l e a v e n e d pancakes
f r o m f e r m e n t e d o r u n f e r m e n t e d d o u g h , s t i f f o r t h i n p o r r i d g e s , snack
f o o d s , d e e p - f r i e d p r o d u c t s , s w e e t o r sour o p a q u e beer , n o n - a l c o h o l i c
beverages a n d b o i l e d (as f o r r i c e ) d e c o r t i c a t e d gra ins ( F i g . 1 ) . Tab le 1 gives
t h e l i s t o f t h e s e f o o d s w i t h s p e c i f i c n a m e s p r e v a l e n t i n t h e c o u n t r i e s w h e r e
t h e y are n o r m a l l y c o n s u m e d ( F A O 1 9 9 5 , R o o n e y a n d W a n i s k a 2 0 0 0 ) .
A d e c l i n e i n t h e c o n s u m p t i o n o f s o r g h u m a n d m i l l e t s has been n o t i c e d i n
t h e past t w o t o t h r e e decades i n t h e c o u n t r i e s k n o w n fo r t h e i r p r o d u c t i o n a n d
t r a d i t i o n a l c o n s u m p t i o n a n d t h i s i s t r u e in b o t h u r b a n a s w e l l a s r u r a l
h o u s e h o l d s i n I n d i a also. T h i s has been ascr ibed t o increase i n t h e f a m i l y
i n c o m e a n d t h e p u r c h a s i n g p o w e r a c c o m p a n i e d b y increased ava i l ab i l i t y o f
w h e a t a n d r i ce ( F A O 1 9 9 5 ) . I n some par ts o f I n d i a , t h i s t r e n d has r e s u l t e d i n
d e c l i n e i n t h e n u t r i t i o n a l s tatus o f p o p u l a t i o n b e l o n g i n g t o l o w e r
s o c i o e c o n o m i c s tatus .
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Figure 1. A few products from sorghum and pearl millet: (a) sorghum r o t i ;
(b) sorghum noodles; (c) pearl millet noodles; (d) processed sorghum i d l i ; and 
(e) processed pearl millet i d l i .
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Processing for food purposes
Traditional methods
I n I n d i a , t r a d i t i o n a l g r i n d i n g stones w e r e u sed t o p repa re f l o u r f r o m s o r g h u m
a n d m i l l e t s . B u t n o w a d a y s t h e grains are c u s t o m m i l l e d i n m e c h a n i z e d disc
m i l l s l o c a t e d even i n r e m o t e vil lages i n t h e c o u n t r y . W e t m i l l i n g o f these grains
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T a b l e 1 . T rad i t iona l f o o d s m a d e f r o m s o r g h u m a n d pear l mi l let .
Type of food Common names
S o r g h u m / P e a r l m i l l e t
U n f e r m e n t e d R o t i
pancake
Thick (stiff)
porridge
Thin porridge
Steamed cooked
products
Snack foods
S o r g h u m
Nixtamalized
pancake1
Boiled rice-like
foods
Sweet/sour
opaque beers
Sour opaque
beers
Non-alcoholic
beverages
Ugali, tuwo, saino, dalaki, aceda, atap, 
bogobe, ting, tutu, kalo, karo, kwon, 
nshimba, nuchu, to, tuo, zaafi, asidah, 
mato, sadza, sankati 
Uji, ambali, edi, eko, kamo, nasha, bwa, kal, 
obushera, ogi, oko, akamu, kafa, koko, akasa 
Couscous, degue 
Popped, sandige, papad, chakli 
Tortilla
Annam, acha 
Burukutu, dolo, pito, talla 
Marisa, busaa, merissa, urwaga, mwenge, 
munkoyo, utshwala, utywala, ikigage 
Mehewu, amaheu, marewa, magou, leting, 
abrey, husawa 
Countries/Region
India
Africa, India, Mexico, Central
America
Africa, India, Central America
West Africa
India
Mexico, Central America
Africa, India, China, Mexico
West Africa
Sudan, South Africa, India
Cameroon, South Africa,
Sudan, Uganda, Zambia,
parts of Tanzania
1. Nixtamalization is an Aztec word that refers to the cooking of maize and sorghum in lime solution or leachate of wood ash.
The resulting product is called masa, which is pressed into circles and cooked into flat unleavened breads. It originated in
southern part of North America. This process increases the bioavailability of calcium and niacin.
i s d o n e t r a d i t i o n a l l y by soak ing t h e grains o v e r n i g h t . T h e soaked grains are
g r o u n d b e t w e e n t w o stones t o f o r m a b a t t e r o r pas te i n s t e a d o f f l o u r . T h i s
m e t h o d i s u sua l l y a d o p t e d w h e n p r o d u c t s r e q u i r i n g f e r m e n t a t i o n have t o b e
p r e p a r e d . T r a d i t i o n a l l y , i n m o s t places o f A f r i c a , s o r g h u m i s f i r s t d e b r a n n e d b y
h a n d p o u n d i n g a f te r s p r i n k l i n g s u f f i c i e n t q u a n t i t y o f w a t e r o n t h e grains,
f o l l o w e d b y w i n n o w i n g o r s i ev ing t o r e m o v e b r a n a n d f i n e g r a i n p a r t i c l e s .
Subsequen t ly , dry , m o i s t e n e d o r w e t grains are p o u n d e d w i t h a w o o d e n pes t l e
i n a w o o d e n o r s tone m o r t a r . U s u a l l y grains are m o i s t e n e d b y a d d i n g 1 0 %
w a t e r w h i c h resu l t s i n m o i s t f l o u r . I t i s e s t i m a t e d t h a t one w o m a n m u s t s p e n d
a n h o u r t o m i l l 1.5 k g g ra in , w h i c h m a y b e r e q u i r e d f o r t h e p r e p a r a t i o n o f t h e
day ' s f o o d f o r t h e f a m i l y ( P e r t e n 1 9 8 3 ) . P o u n d i n g gives a n o n - u n i f o r m
p r o d u c t w i t h p o o r k e e p i n g q u a l i t y .
Recent advances in processing and value addition
Milling and decortication 
M i l l i n g o f s o r g h u m a n d m i l l e t r e su l t s i n d e c o r t i c a t i o n o r d e b r a n n i n g o f t h e
k e r n e l s f o r use s i m i l a r t o t h a t o f r i c e , a n d also i n r e d u c t i o n o f size s i m i l a r t o
t h a t o f w h e a t f o r s e m o l i n a , g r i t s a n d f l o u r . T h e grains are n o r m a l l y p u l v e r i z e d
a n d a s m a l l p o r t i o n o f coarse b r a n i s s i eved o f f t o use t h e f l o u r f o r t r a d i t i o n a l
foods such as u n l e a v e n e d b r e a d (roti), t h i n p o r r i d g e (ambali) a n d s t i f f
p o r r i d g e (mudde) ( P u s h p a m m a e t a l . 1 9 7 2 ) . S o r g h u m m i l l i n g has r e c e i v e d
cons ide rab l e a t t e n t i o n a n d i t has b e e n r e p o r t e d t h a t i n c i p i e n t m o i s t
c o n d i t i o n i n g o f t h e g r a i n f ac i l i t a t e s s epa ra t ion o f t h e seed coa t i n t h e abrasive
o r f r i c t i o n t y p e m i l l s t o p r e p a r e d e c o r t i c a t e d grains ( D e s i k a c h a r 1 9 7 5 ) . O n
t h e o t h e r h a n d , b y i n c i p i e n t m o i s t c o n d i t i o n i n g f r a g m e n t a t i o n o f t h e seed coa t
i s m i n i m i z e d a n d hence , m a j o r p o r t i o n o f t h e b r a n can b e separa ted b y s i f t i n g
o r a s p i r a t i o n o f t h e p u l v e r i z e d m a t e r i a l . T h i s p r i n c i p l e i s u t i l i z e d t o p r o d u c e
r e f i n e d f l o u r s f r o m s o r g h u m a n d m i l l e t s i n r o l l e r m i l l s a t i n d u s t r i a l scale i n
N i g e r i a a n d also f o r c u s t o m m i l l i n g p u r p o s e . T h e M i n i G r a i n M i l l , d e v e l o p e d
a t t h e C e n t r a l F o o d T e c h n o l o g i c a l Research I n s t i t u t e ( C F T R I ) , M y s o r e , I n d i a
i s a s m a l l c a p a c i t y m i l l t h a t w o r k s o n t h i s p r i n c i p l e t o p r e p a r e r e f i n e d f l o u r a n d
s e m o l i n a f r o m s o r g h u m a n d m i l l e t s (Shankara e t a l . 1 9 8 5 ) ( F i g . 2 ) .
D e c o r t i c a t i o n o f s o r g h u m i s also c a r r i e d o u t b y a b r a d i n g t h e ke rne l s i n a series
o f e m e r y - c o a t e d discs ( D e s i k a c h a r a n d M a l l e s h i 1 9 8 7 ) . H o w e v e r ,
d e c o r t i c a t i o n o f s o r g h u m w i t h o r w i t h o u t m o i s t c o n d i t i o n i n g does n o t
separate t h e e m b r y o e f f i c i e n t l y a n d t h e presence o f e m b r y o affects t h e storage
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s t a b i l i t y o f t h e s o r g h u m p r o d u c t s
a l t h o u g h t h e p r o p o r t i o n o f e m b r y o i n
s o r g h u m is i n s ign i f i c an t . Recen t s tudies
a t C F T R I have s h o w n t h a t t h e
d e c o r t i c a t i o n o r d e b r a n n i n g o f s o r g h u m
o r m i l l e t w i t h o u t any p r e - t r e a t m e n t i s
poss ib le i n a n abrasive t y p e m i l l ( such
as c a r b o r a n d u m discs) . D e c o r t i c a t i o n
o r d e b r a n n i n g af te r i n c i p i e n t m o i s t
c o n d i t i o n i n g i s a c h i e v e d e f f e c t i v e l y in a 
f r i c t i o n t y p e m i l l . A l t h o u g h m o i s t
c o n d i t i o n i n g g r i n d i n g a n d s iev ing
m i n i m i z e p u l v e r i z a t i o n o f t h e seed
coat , t h e m e t h o d has l i m i t a t i o n s
because t h e g e r m also gets p u l v e r i z e d
a n d m i x e d w i t h t h e m i l l i n g f r ac t ions
w h i c h a f fec t t h e s h e l f l i f e o f t h e
p r o d u c t ( H a d i m a n i 1 9 9 4 ) .
Figure 2. A mini grain mill 
developed at CFTRI, Mysore, India. 
I n p e a r l m i l l e t , e spec ia l ly i n t r a d i t i o n a l va r i e t i e s , g l u m e s f o r m p a r t o f
t h e seed coa t , a n d b e i n g a n o n - e d i b l e c o m p o n e n t o f t h e k e r n e l , necessi tates
i t s s e p a r a t i o n . H e n c e , p e a r l m i l l e t d e c o r t i c a t i o n i n v o l v e s d e g l u m i n g i n
a d d i t i o n t o d e b r a n n i n g . W h i l e t h e m i l l e t c o u l d b e d e g l u m e d i n f r i c t i o n t y p e
m i l l s ( h u l l e r ) , d e b r a n n i n g c o u l d b e e f f i c i e n t l y a c h i e v e d us ing a n abrasive o r
f r i c t i o n t y p e m i l l .
V e r y recent ly , a n e w m e t h o d fo r i m p r o v i n g t h e she l f l i fe o f so rghum and
m i l l e t p r o d u c t s has been d e v e l o p e d a t C F T R I ( M e e r a e t al . 2 0 0 2 ) . T h e process
involves m o i s t hea t ing o f t h e grains f o l l o w e d b y d r y i n g t o about 1 0 - 1 2 %
m o i s t u r e c o n t e n t and d e c o r t i c a t i o n to t h e des i red degree, o r pu lve r i za t i on as
such. T h i s process i m p r o v e s t h e m i l l i n g character is t ics o f s o r g h u m and pear l
m i l l e t var ie t ies even w i t h h i g h p r o p o r t i o n o f f l o u r y e n d o s p e r m and also enables
to p repare g r i t s / s emol ina f r o m t h e grains w h i c h m a y serve as a subs t i tu t e fo r
w h e a t semol ina . T h e m e a l o r t h e f l o u r p repa red f r o m these grains b y f o l l o w i n g
t h i s process has a longer she l f l i f e . Figure 3 shows t h e changes in t h e
d e v e l o p m e n t o f free f a t t y acids ( F F A ) o f t h e f l o u r f r o m s o r g h u m a n d pear l
m i l l e t w i t h o r w i t h o u t p r i o r w e t heat t r e a t m e n t o f t h e grains, p a c k e d i n l o w
dens i ty p o l y e t h y l e n e ( L D P E ) bags and s to red a t a m b i e n t cond i t i ons . T h e f l o u r
f r o m w e t hea t t r e a t e d a n d d e c o r t i c a t e d s o r g h u m c o u l d b e s to red f o r abou t 8 - 1 0
Figure 3. Development of free fatty acids (FFA) during storage (at ambient 
conditions) in flour of raw and treated sorghum and pearl millet grains. 
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m o n t h s , a n d t h a t f r o m pear l m i l l e t f o r abou t 3 - 4 m o n t h s , d u r i n g w h i c h t h e F F A
c o n t e n t r e m a i n e d b e l o w l i m i t o f pe rcep t i b l e de te r i o ra t i ve c o n d i t i o n ( 1 0 % ) . T h e
o x i d a t i v e r a n c i d i t y also r e m a i n e d low, as t h e f lours are r e f i n e d . T h e t echno logy
can be a d o p t e d a t i ndus t r i a l level and is s imp le enough f o r a d o p t i o n a t
h o u s e h o l d leve l as w e l l . T h e process was d e m o n s t r a t e d to a large n u m b e r o f
consumers a n d en t rep reneu rs . T h i s m e t h o d makes i t possible t o m a r k e t t h e
f lour /semol ina c o m m e r c i a l l y , pa r t i cu la r l y in u r b a n areas. Lack o f such shelf-
s table a n d m a r k e t a b l e f l o u r / g r i t s m a y be one factor , w h i c h forces t h e peop le t o
s w i t c h over t o read i l y avai lable f l o u r / s e m o l i n a f r o m w h e a t . Fur ther , th is
d e v e l o p m e n t also makes i t possib le to p repare a var ie ty o f p r o d u c t s f o r
c o m m e r c i a l m a r k e t i n g . A n o t h e r advantage o f t h i s process i s t h a t t h e m i c rob i a l
l oad on t h e gra in sur face is d ras t ica l l y r e d u c e d . Table 2 shows t h e e f fec t o f w e t
heat t r e a t m e n t o n t h e leve l o f m i c r o b i a l i n fes ta t i on be fo re t h e t r e a t m e n t and
also a t var ious stages o f process ing a f te r t r e a t m e n t .
I n pea r l m i l l e t , t h e cha rac te r i s t i c o d o r and t h e d a r k gray p i g m e n t s also
h i n d e r t h e a c c e p t a b i l i t y o f t h e p r o d u c t s . I m p r o v e m e n t s have been m a d e
poss ib le b y t r e a t i n g t h e p a r t i a l l y d e c o r t i c a t e d m i l l e t w i t h m i l d organic acids
such as ace t i c , f u m a r i c a n d t a r t a r i c ac ids, a n d also by t h e ex t rac t s o f na tu ra l
ac id ic m a t e r i a l such as t a m a r i n d (Tamarindus indica) ( H a d i m a n i and M a l l e s h i
1 9 9 3 ) . Soak ing t h e gra ins f o r a f e w m i n u t e s i n t h e aqueous t a m a r i n d e x t r a c t ,
o r such o t h e r o rgan ic acids i m p r o v e s t h e p r o d u c t q u a l i t y b y r e d u c i n g
p o l y p h e n o l s a n d o t h e r a n t i - n u t r i t i o n a l fac to rs and t h u s increases t h e
c o n s u m e r a c c e p t a b i l i t y (F ig . 4 ) .
W e t m i l l i n g of so rghum is p rac t i ced to a smal l ex ten t as c o m p a r e d to maize,
m a i n l y t o p repare s tarch, t h a t t o o f r o m low-grade so rghum b u t w e t m i l l i n g o f
pear l m i l l e t i s scanty. Since w e t m i l l i n g faci l i tates separat ion o f t he g e r m , w h i c h i s
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Table 2. Effect of processing on fungal infestation (%) in grain of two sorghum varieties1.
CSH 5 CSH 5 
Process (A)2 (B)2
Raw, as is 100 15
Raw pearled 12 2 
Steamed 5 min, pearled 3 Nil
Steamed 15 min, pearled Nil Nil
Steamed 25 min, pearled Nil Nil
M 35-1
1
Nil
Nil
Nil
Nil
1. After surface sterilization tested by blotter method.
2, Samples are from two different sources, A and B.
a n o i l - and m i n e r a l - r i c h c o m p o n e n t ,
as a separate en t i ty , it m a y be a 
valuable b y p r o d u c t t h a t c o u l d f i n d
app l i ca t ion i n various f o o d
industr ies .
E v e n t h o u g h I n d i a i s one o f
t h e m a j o r p r o d u c e r s o f s o r g h u m
a n d p e a r l m i l l e t , t h e r e are n o
d e d i c a t e d c u s t o m / i n d u s t r i a l l e v e l
m i l l s f o r these c o m m o d i t i e s . T h i s
aspect needs a t t e n t i o n t o i m p r o v e
t h e e c o n o m y a n d m a r k e t a b i l i t y o f
these c rops .
Flaking
F l a k i n g o f cereals i s one o f t h e t r a d i t i o n a l m e t h o d s f o r p r e p a r a t i o n o f
conven ience foods i n t h e I n d i a n s u b c o n t i n e n t a n d t o i m p r o v e t h e d i g e s t i b i l i t y o f
f e e d i n t h e d e v e l o p e d coun t r i e s . F l a k i n g essent ial ly involves h y d r a t i n g grains
f o l l o w e d b y s t eaming a n d b u m p i n g o r press ing o f t h e s t e a m e d grains. Ex tens ive
w o r k has been c a r r i e d o u t o n s o r g h u m f l a k i n g a t C F T R I a n d var ious process
paramete rs such a s soaking t i m e a n d t e m p e r a t u r e , a n d also t h e c o n d i t i o n s o f
w e t heat o r d r y hea t t r e a t m e n t have b e e n s t anda rd ized ( C F T R I 1 9 8 5 ) . T h e
gra in soaked t o i t s e q u i l i b r i u m m o i s t u r e c o n t e n t i s s t e a m e d o r roas t ed t o f u l l y
gela t in ize t h e s ta rch , d r i e d t o abou t 1 8 % m o i s t u r e c o n t e n t , c o n d i t i o n e d ,
d e c o r t i c a t e d a n d t h e n f l a k e d i m m e d i a t e l y b y passing t h r o u g h a pa i r o f heavy-
d u t y ro l l e r s . E f f o r t s t o h a n d p o u n d o r f l a k i n g i n a n edge r u n n e r (used i n co t tage
leve l i n d u s t r y fo r f l a k i n g o f r i ce i n I n d i a ) have ach ieved l i t t l e success. T h e
th ickness o f s o r g h u m flakes c o u l d b e ad jus ted t o 0 . 4 - 1 m m , d e p e n d i n g o n t h e
e n d use. P roper d r y i n g after f l a t t e n i n g m i n i m i z e s t h e b u c k l i n g a n d re ta ins t h e
shape o f t h e flakes w i t h o u t any f i ssur ing o r breakage. T h e t h i n n e r flakes are
su i tab le f o r p r e p a r a t i o n o f t r a d i t i o n a l snack foods l i k e uppitu a f ter b o i l i n g a n d
seasoning. T h e t h i c k e r flakes c o u l d b e d e e p - f r i e d o r d r y t oa s t ed t o p repare
e x p a n d e d c r u n c h y snack p r o d u c t s . T h e flakes c o u l d also b e coa t ed w i t h
requ i s i t e add i t ives i n c l u d i n g v i t a m i n s a n d mine ra l s t o i m p r o v e t h e i r n u t r i t i o n a l
qua l i ty . T h e o i l a b s o r p t i o n o f s o r g h u m flakes i s c o m p a r a b l e t o t h a t o f r i ce f lakes.
T h e d e e p - f r i e d s o r g h u m flakes, seasoned w i t h spices, i s an e x c e l l e n t snack a n d
scores h ighe r t h a n a s i m i l a r p r o d u c t f r o m maize .
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Figure 4. Pearl millet grains: 
whole grain, untreated (left); 
milled, untreated (center); 
and milled, treated with tamarind 
extract (right). 
W e t hea t t r e a t m e n t o f s o r g h u m i s k n o w n t o l o w e r i t s d i g e s t i b i l i t y . T h i s
c h a r a c t e r i s t i c f e a t u r e c o u l d pe rhaps b e u s e d t o m a r k e t s o r g h u m f lakes a s
d i a b e t i c f lakes . D u r i n g f l a k i n g process , t h e s t a r c h unde rgoes r e t r o g r a d a t i o n
l e a d i n g t o f o r m a t i o n o f res i s t an t s t a rch o r e n h a n c i n g t h e d i e t a r y f i b e r
c o n t e n t s ( M a n g a l a e t a l . 1 9 9 9 ) . T h i s a d d e d advantage m a y have grea t
p o t e n t i a l i n e x p l o i t i n g s o r g h u m f lakes i n t h e d i e t a r y m a n a g e m e n t f o r t h e
d i a b e t i c s .
Resul ts o f e x p l o r a t o r y s tudies o n f l a k i n g o f pear l m i l l e t f o l l o w i n g t h e
m e t h o d a d o p t e d f o r s o r g h u m have been p r o m i s i n g . M i l l e t f l ak ing w o u l d b e a 
n e w avenue f o r i t s w i d e s p r e a d u t i l i z a t i o n , since t h e m i l l e t f lakes w i l l have
b e t t e r s h e l f l i f e d u e t o s t a b i l i z a t i o n o f t h e o i l d u r i n g f l a k i n g . A l s o , t h e b ran
separa ted as a b y p r o d u c t of t h e f l a k i n g i n d u s t r y c o u l d serve as a source of t h e
e d i b l e o i l s i m i l a r t o t h a t o f r i ce b r a n o i l . D e o i l e d b r a n f r o m m i l l e t a n d s o r g h u m
w o u l d have less ash a n d si l ica c o n t e n t a s c o m p a r e d t o t h a t o f d e o i l e d r i ce b ran
a n d hence c o u l d be e f f i c i e n t l y used as a source o f d i e t a r y f iber . U n l i k e
s o r g h u m b r a n , pea r l m i l l e t b r a n con ta ins h i g h p r o p o r t i o n o f so lub le d i e t a ry
f i b e r a n d c o u l d b e t a p p e d f o r h y p o c h o l e s t o m i c and h y p o g l y c a e m i c effects .
H e n c e , f i b e r r e g u l a t e d s o r g h u m a n d m i l l e t f lakes, e x p a n d e d b y h o t air o r sand,
c o u l d be an idea l snack o r s u p p l e m e n t a r y f o o d fo r t h e obese and ca lor ie
consc ious p e o p l e ( H a d i m a n i a n d M a l l e s h i 1 9 9 3 ) .
Popping
G r a i n p o p p i n g i s one o f t h e anc ien t technologies t o process t h e cereals by d r y
heat ( roast ing) m e t h o d s . Genera l ly , f ine sand is used as heat t ransfer m e d i u m
fo r p o p p i n g at h o u s e h o l d - a n d cot tage- level indus t r ies . A l t h o u g h h o t sand as a 
heat t ransfer m e d i u m i s v e r y e f fec t ive in expansion, i t affects t h e consumer
accep t ab i l i t y because o f t h e adherence o f f ine sand i n t h e crevices o f t h e
e x p a n d e d e n d o s p e r m . P o p p e d s o r g h u m i s also m a r k e t e d in Maharash t ra and
Rajasthan states of I n d i a as a p r o p r i e t a r y f o o d . Since p o p p i n g involves f o r m a t i o n
o f s t eam and d e v e l o p m e n t o f pressure ins ide t h e ke rne l , o p t i m u m m o i s t u r e
leve l a n d p o p p i n g t e m p e r a t u r e p lay a n i m p o r t a n t ro le i n q u a l i t y o f t h e p o p p e d
cereal . Var i e t a l var ia t ions ex i s t largely w i t h respect t o p o p p i n g character is t ics
a n d special s o r g h u m varie t ies , v iz , ' p o p so rghum' , are c u l t i v a t e d and m a r k e t e d .
M o s t o f t h e s o r g h u m varie t ies c o u l d b e p o p p e d t o a n expans ion v o l u m e o f abou t
2 0 m l g - 1 b y su i tab le p r e - t r e a t m e n t s . T h e o p t i m u m cond i t i ons fo r gra in p o p p i n g
are e q u i l i b r a t i n g s o r g h u m and m i l l e t t o about 16% m o i s t u r e and subjec t ing t h e
grains to h i g h t e m p e r a t u r e ; ie, shor t t i m e t r e a t m e n t a t abou t 2 3 0 ° C fo r a 
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Figure 6. Pericarp thickness in different varieties of pearl millet: 
(a) thick pericarp; (b) medium pericarp; and (c) thin pericarp. 
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f r a c t i o n o f a m i n u t e in an air p o p p e r d e v e l o p e d a t
C F T R I ( C F T R I 1 9 8 5 ) . T h e m a c h i n e i s h i g h l y
sui table fo r value a d d i t i o n t o s o r g h u m and m i l l e t
b y p o p p i n g (F ig . 5 ) .
Popp ing o f pear l m i l l e t i s n o t ve ry p o p u l a r
b u t t h e p o p p e d m i l l e t i s a g o o d source o f energy,
f ibe r and ca rbohydra tes and t h e expans ion
v o l u m e o f t h e p o p p e d m i l l e t i s abou t 7 - 1 0 m l g - 1 .
T h e var ie t ies w i t h h a r d e n d o s p e r m a n d m e d i u m
t h i c k p e r i c a r p (F ig . 6 ) e x h i b i t super io r p o p p i n g
q u a l i t y ( H a d i m a n i e t a l . 2 0 0 1 ) . T h e l i p o l y t i c
enzymes are d e n a t u r e d d u r i n g t h e process o f
p o p p i n g . T h e n u t r i t i o n a l advantage of t h e p o p p e d Figure 5. Popping machine 
m i l l e t is u t i l i z e d in d e v e l o p i n g f o r m u l a t i o n s fo r developed at CFTRI, 
s u p p l e m e n t a r y foods or w e a n i n g foods fo r Mysore, India. 
c h i l d r e n a n d l ac t a t ing m o t h e r s (Bhaskaran e t a l .
1 9 9 9 ) . P o p p e d m i l l e t c o u l d be c o n s u m e d in t h e f o r m o f laddu o r sattu a n d
chikki. P o p p e d m i l l e t f l o u r b l e n d e d w i t h p o p p e d o r toas ted legumes, such as
p u f f e d ch ickpea (Cicer arietinum), a n d jaggery or sugar makes de l i c ious a n d
n u t r i t i o n a l l y ba lanced conven ience foods fo r g r o w i n g c h i l d r e n and l ac t a t ing
m o t h e r s . T h e p r o d u c t has t h e advantage o f l o w cost and p e r m i t s a d d i t i o n o f
o t h e r f l avo r ing ing red ien t s [eg, g r o u n d n u t (Arachis hypogaea) and c o c o n u t
(Cocos nucifera)] fo r i m p r o v i n g t h e taste a n d n u t r i t i o n a l qua l i ty .
N u t r i t i o u s f o o d supp lemen t s based o n p o p p e d s o r g h u m and m i l l e t s c o u l d b e
served t o m o t h e r s and c h i l d r e n i n t h e n u t r i t i o n i n t e r v e n t i o n p r o g r a m . Since
s o r g h u m a n d pear l m i l l e t are r i c h sources o f m i c r o n u t r i e n t s a n d phy tochemica l s ,
such p r o d u c t s m a y score over s imi la r p r o d u c t s f r o m r i ce and w h e a t .
A n u t r i t i o u s b l e n d , con ta in ing p o p p e d s o r g h u m o r pear l m i l l e t , w i t h
ch ickpea , soybean (Glyc ine max) and jaggery and pressed i n t o a pe l l e t or burfi-
l i k e p r o d u c t was d e v e l o p e d a t C F T R 1 , and has p r o v e d to be a conven ien t
n u t r i t i o u s f o o d . A b o u t 7 0 g o f t h e p r o d u c t supp l i ed i n t h e f o r m o f 3 pieces o f
burfies p rov ides 3 0 0 calories and 12 g p r o t e i n , w h i c h is r e c o m m e n d e d as t h e
n u t r i t i o n a l s u p p l e m e n t t o u n d e r n o u r i s h e d c h i l d r e n . Popped so rghum and
m i l l e t s c o u l d also be u t i l i z e d as adjuncts in b r e w i n g . As p o p p i n g largely destroys
seedborne m i c r o f l o r a , i t m a y be advantageous t o u t i l i z e t h e t e c h n i q u e t o process
m i c r o b i a l l y i n f e c t e d s o r g h u m and m i l l e t ( K u m a r e t al . 1 9 9 2 ) .
Malting
M a l t i n g i s one o f t h e ear ly b i o t e c h n o l o g i c a l processes t h a t m a n a d o p t e d fo r
cereal process ing fo r f o o d a n d b r e w i n g . A l t h o u g h ba r l ey (Hordeum vulgare) 
m a l t i n g i s c o m m o n , s o r g h u m m a l t i n g i s also p r a c t i c e d a t h o u s e h o l d and
i n d u s t r i a l scale i n A f r i c a , especia l ly f o r t h e p r e p a r a t i o n o f lac t ic ac id
f e r m e n t e d b r e w .
T h e ra t io o f a - t o -amylases e laborated d u r i n g ge rmina t ion o f so rghum i s
l o w e r t h a n t h a t o f barley. Hence , so rghum m a l t requires supp lemen ta t ion o f
amylases f r o m ex te rna l source to prepare yeast f e r m e n t e d lager beers.
Al t e rna t ive ly , so rghum m a l t is used as an adjunct in indus t r i a l b r e w i n g based on
barley. W i d e var ie ta l variat ions have been r e p o r t e d for m a l t i n g characterist ics o f
so rghum. M a l t e d so rghum has be t t e r n u t r i t i o n a l characterist ics t h a n t h e native
so rghum (Ma l l e sh i and Desikachar 1986) . H o w e v e r , cau t ion i s needed for use of
so rghum m a l t for f o o d purposes because of t h e presence of d u r r i n , a cyanogenic
c o m p o u n d in t h e root le ts . H e n c e i t i s necessary to r emove t h e root le ts
c o m p l e t e l y f r o m t h e sp rou ted sorghum. Moreover , so rghum i s susceptible to
m o l d in fes ta t ion d u r i n g ge rmina t ion ; thus i t may requ i re appl ica t ion o f chemica l
o r na tura l an t i -mic rob i a l agents d u r i n g steeping and ge rmina t i on . Use o f so rghum
m a l t (p repared after r e m o v i n g t h e root le ts and t h e per icarp) i n f o r m u l a t i o n o f
wean ing f o o d has been successfully demons t r a t ed (Mal lesh i e t al . 1989) . Wean ing
foods based on m a l t e d so rghum e x h i b i t good g r o w t h p r o m o t i n g qual i t ies
c o m p a r e d t o those f r o m ro l le r d r i e d and p o p p e d sorghum. Pearl m i l l e t m a l t i n g
has n o t been p r o m i s i n g because of t h e presence of t he active lipase enzyme and
due t o m o l d g r o w t h d u r i n g ge rmina t ion . Howeve r , t h e ra t io o f a - and -amylase i n
m i l l e t m a l t i s h igh ly favorable i n compar i son t o o the r t r o p i c a l cereals. I f m a l t i n g
cond i t ions are sui tably adop ted , m i l l e t m a l t c o u l d be a good r a w mate r i a l for
n u t r i e n t dense special ty foods. U t i l i z a t i o n o f m a l t e d so rghum in bakery p roduc t s
has also been r e p o r t e d .
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Application of modern processing technologies
Extrusion cooking
E x t r u s i o n c o o k i n g i s a v e r y ve r sa t i l e , m o d e r n f o o d p roces s ing t e c h n o l o g y
f o l l o w e d t h r o u g h o u t t h e w o r l d f o r p r e p a r a t i o n o f snacks, s u p p l e m e n t a r y
foods a s w e l l a s p e t f o o d s . V o l u m i n o u s l i t e r a t u r e i s ava i lab le on e x t r u s i o n
c o o k i n g o f m a i z e , w h e a t a n d r i c e , b u t s u c h i n f o r m a t i o n o n s o r g h u m a n d
m i l l e t s i s scanty. T h e avai lable da ta r evea l t h a t s o r g h u m g r i t s a s w e l l a s m i l l e t
f l o u r c o u l d b e e x t r u d e d t o p r e p a r e r e a d y - t o - e a t p r o d u c t s . S ince t h e seed coa t
o r t h e b r a n af fec ts t h e e x p a n s i o n r a t i o a n d also t h e e a t i n g q u a l i t y o f t h e
p r o d u c t s , i t i s des i r ab le t o use g r i t s a n d f l o u r , p r e f e r a b l y o f less t h a n 4 0 m e s h
size, p r e p a r e d f r o m d e c o r t i c a t e d o r d e b r a n n e d g r a i n . E q u i l i b r a t i n g t h e f l o u r t o
a b o u t 1 8 % m o i s t u r e c o n t e n t a n d e x t r u d i n g i n a s ingle- o r t w i n - s c r e w e x t r u d e r
a t a b o u t 1 5 0 ° C a n d 2 0 0 r p m , p r o d u c e s p r o d u c t s w i t h a n e x p a n s i o n o f 1 .5-2
t i m e s . T h e p r o d u c t s have c r u n c h y t e x t u r e a n d c o u l d b e c o a t e d w i t h
t r a d i t i o n a l i n g r e d i e n t s t o p r e p a r e s w e e t o r savory snacks. A l t e r n a t i v e l y , t h e
g r i t s c o u l d b e m i x e d w i t h spices a n d c o n d i m e n t s p r i o r t o e x t r u s i o n t o o b t a i n
r e a d y - t o - e a t snacks o f des i r ab le tas te . A c i d - t r e a t e d p e a r l m i l l e t y i e l d s
p r o d u c t s o f b e t t e r a c c e p t a b i l i t y a s c o m p a r e d t o t h o s e f r o m d e c o r t i c a t e d
m i l l e t . S o r g h u m a n d m i l l e t s , b l e n d e d w i t h soybean o r p r o t e i n - r i c h i n g r e d i e n t s
s u c h a s l e g u m e s o r g r o u n d n u t cake , o n e x t r u s i o n g ive n u t r i t i o n a l l y b a l a n c e d
s u p p l e m e n t a r y foods ( M a l l e s h i e t a l . 1 9 9 6 ) . T h e l o w - c o s t d e d i c a t e d e x t r u d e r s
u s e d i n n u t r i t i o n i n t e r v e n t i o n p r o g r a m s i n several d e v e l o p i n g c o u n t r i e s c o u l d
b e c o n v e n i e n t l y u t i l i z e d f o r t h e p r e p a r a t i o n o f d i v e r s i f i e d , v a l u e - a d d e d
e x t r u d e d p r o d u c t s f r o m these gra ins . T h e d i e t a r y b u l k c o u l d b e r e d u c e d a n d
t e x t u r e o f t h e e x t r u d e d f o o d s c o u l d b e i m p r o v e d b y m i x i n g a s m a l l p r o p o r t i o n
o f cerea l m a l t a n d w a r m i n g t h e s lu r ry . T h i s i m p r o v e s t h e tas te o f t h e p r o d u c t
also. A l t h o u g h t h e i n v e s t m e n t o n e x t r u s i o n c o o k i n g m a c h i n e r y i s h i g h , t h e l o w
proces s ing cos t a n d s m a l l c a p a c i t y e x t r u d e r s t h a t are n o w a d a y s r e a d i l y
ava i lab le , m a k e s t h e process v i a b l e f o r c o m m e r c i a l e x p l o i t a t i o n . T h i s
t e c h n o l o g y c o u l d b e u t i l i z e d t o p r e p a r e p e l l e t s w h i c h can b e f l a k e d t o y i e l d
h i g h q u a l i t y f lakes f r o m these gra ins .
Vermicelli-noodles
N o o d l e s a n d pasta- l ike p r o d u c t s , i n sp i te o f t h e i r anc ient o r i g in , have unde rgone
considerable e v o l u t i o n and m i g r a t i o n as t h e p r o d u c t s became increasingly
global ized . T h e r e i s a p h e n o m e n a l increase i n t h e c o n s u m p t i o n o f noodles i n I n d i a
182
Table 3 . C o m p o s i t i o n a n d phys ico -chemica l proper t ies of s o r g h u m a n d pear l mil let
f lour a n d noodles 1 .
Crude
fiber
Samples (%)
Pearl millet
Flour, whole 0.57
Flour, debranned 0.19
Noodles 0.18
Sorghum
Flour, whole 1.38
Flour, debranned 0.26
Noodles 0.12
Fat
( % )
5.24
3.34
1.58
3.36
2.45
0.88
Ash Protein
( % ) ( % )
1.35 12.2
0.92 9.8
2.12 8.6
1.42 10.4
1.11 10.2
2.12 8.3
Amylose
( % )
25.8
29.6
26.8
26.8
29.1
28.7
Solid
loss (%)
9.7
6.5
Texture2
Firmness
( % )
45
50
Elastic
recovery
( % )
20
30
1. Composition based on as is condition.
2. Chopin-lnra Viscoelastograph, an instrument, used to measure the texture.
also. W h i l e w h e a t noodles are ve ry c o m m o n t h r o u g h o u t t h e count ry , r ice noodles
are p o p u l a r i n sou the rn Ind i a . U t i l i z a t i o n o f s o r g h u m and pear l m i l l e t f o r
ve rmice l l i - nood l e s i s v e r y rare. S o r g h u m and m i l l e t are u n i q u e w i t h respect t o
taste a n d a roma and also p r o v i d e d i e t a ry f iber . Research w o r k was u n d e r t a k e n on
t h e i r use fo r noodles a n d a process has been successfully d e v e l o p e d (Sowbhaghya
and A l i 2 0 0 1 a ) . T h e noodles o n c o o k i n g i n w a t e r r e t a ined t h e t e x t u r e o f t h e i r
strands and f i rmness w i t h o u t d i s in teg ra t ion and t h e so l id loss was less t h a n 6%
(Sowbhaghya and A l i 2 0 0 1 b ) (Table 3 ) . N o o d l e s f r o m b o t h s o r g h u m and pear l
m i l l e t w e r e read i ly acceptable i n t h e f o r m o f savoury a n d sweet . Since t h e present
t r e n d o f t h e p o p u l a t i o n i s t o w a r d s l o w fat a n d h i g h f iber foods, noodles f r o m these
cereals have a great f u t u r e n o t on ly in t h e domes t i c m a r k e t b u t also fo r e x p o r t to
o the r d e v e l o p e d count r ies .
Conclusion and future perspective
B e i n g m a i n l y r a i n f e d c rops a n d g r o w n w i t h m a r g i n a l a g r i c u l t u r a l i n p u t s , t h e
va lue o f s o r g h u m a n d m i l l e t s f o r s t r e t c h i n g t h e a v a i l a b i l i t y o f f o o d i s w e l l
e s t ab l i shed . W i t h inc reas ing r e a l i z a t i o n t h a t w a t e r i s b e c o m i n g a l i m i t e d
resource , these c rops w i l l assume h i g h e r s ign i f i cance i n f u t u r e . C o n s i d e r a b l e
c r o p p r o d u c t i o n k n o w l e d g e base has b e e n c r e a t e d f o r f u t u r e a p p l i c a t i o n . T h e
k n o w l e d g e base o n g r a i n q u a l i t y , p rocess ing a n d va lue a d d i t i o n needs t o b e
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addres sed a l t h o u g h e f f o r t s i n t h i s d i r e c t i o n are n o w inc rea s ing w i t h r e c e n t
R & D w o r k across t h e w o r l d . S p e c i a l f ea tu res o f s o r g h u m a n d p e a r l m i l l e t , i n
c o m p a r i s o n t o r i c e a n d w h e a t , have b e e n e s t a b l i s h e d t h a t c o u l d f o r m t h e basis
f o r t h e i r f u t u r e e x p l o i t a t i o n f o r va lue a d d i t i o n a n d w i d e n i n g t h e scope o f t h e i r
u t i l i z a t i o n . F e a s i b i l i t y o f p r o d u c t i o n o f she l f - s tab le f l o u r f r o m p e a r l m i l l e t a n d
s o r g h u m has b e e n e s t a b l i s h e d w h i c h w o u l d pave t h e w a y f o r c o m m e r c i a l
p r o d u c t i o n o f f l o u r a n d s e m o l i n a f o r p r o m o t i o n o f b u l k usage f o r u r b a n a s w e l l
a s r u r a l p o p u l a t i o n . T h e r e i s a g rea t scope f o r these gra ins to be u t i l i z e d f o r
i n c r e a s e d a l t e r n a t i v e f o o d uses.
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Alternat ive Uses of Sorghum - M e t h o d s and
Feasibility: Indian Perspective
CV Ratnavathi, PK Biswas, M Pallavi, M Maheswari,
BS Vijay Kumar and N Seetharama1
Abstract
In India, sorghum is traditionally consumed in the form of unleavened flat bread 
( ro t i ) . In southern India, it is consumed in the form of sankati, annam and ganji
(thin porridge). Popped sorghum and sorghum noodles are eaten as breakfast or 
snack foods. The rainy season grain sorghum consumption has declined during the 
last decade mainly due to grain deterioration by molds. Therefore, rainy season 
sorghum grain is priced lower than maize; hence it can replace maize as a raw 
material in many of the alternative uses. 
The possible promising alternative food products from sorghum are bakery 
products, maltodextrins as fat replacers in cookies, liquid or powder glucose, high 
fructose syrup and sorbitol. Malted sorghum can be a good alternative for baby 
weaning foods. 
The industrial products made from sorghum grain include alcohol (potable 
grade) and lager beer. Commercialization of alcohol production from grain is 
already in practice. Other technologies such as production of glucose, 
maltodextrins, high fructose syrup and cakes from sorghum are yet to be scaled 
up. The sweet sorghum with its juicy sweet stalk has potential as a bio-energy 
crop. Ethanol can also be produced from sweet sorghum stalk juice. Sweet sorghum 
products like syrup and jaggery have received good attention from dryland 
farmers. Shelf life and nutritive value of syrup and jaggery made from sweet 
sorghum and sugarcane are similar. Attempts for scaling up the technology for 
alcohol production from sweet sorghum were successful, but more work is needed 
to integrate the current production with potential market. 
S o r g h u m (Sorghum bicolor) i s a n i m p o r t a n t f o o d a n d f o d d e r c r o p o f t h e s e m i -
a r i d t r o p i c s ( 1 4 - 2 4 ° N t o 7 0 - 8 2 ° E ) . I n d i a i s t h e t h i r d largest p r o d u c e r ( 7 . 0 6
m i l l i o n t ) o f s o r g h u m i n t h e w o r l d a f t e r U S A a n d N i g e r i a ( F A O S T A T 2 0 0 2 ) ,
a n d has t h e largest area u n d e r t h i s c r o p (9 .5 m i l l i o n h a ) . T h e r a i n y season
s o r g h u m g r a i n i s o f t e n d a m a g e d d u e t o m o l d ; s o i t f e t ches a l o w p r i c e i n t h e
m a r k e t . H o w e v e r , i t has h i g h p o t e n t i a l f o r use i n t h e n o n - f o o d a n d i n d u s t r i a l
sec tors f o r v a r i o u s v a l u e - a d d e d p r o d u c t s .
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1. N a t i o n a l Research C e n t r e f o r S o r g h u m ( N R C S ) , Rajendranagar, H y d e r a b a d 5 0 0 0 3 0 ,
A n d h r a Pradesh, I n d i a .
A t p re sen t , m o s t o f t h e s o r g h u m p r o d u c e d i n I n d i a i s c o n s u m e d a s
h u m a n f o o d i n t h e f o r m o f roti, bhakri o r chapati ( u n l e a v e n e d f l a t b r e a d ) .
T h e s w e e t s o r g h u m w i t h j u i c y s w e e t s ta lk has e n o r m o u s p o t e n t i a l a s a b i o -
ene rgy c r o p . S o r g h u m i s k n o w n t o have h i g h d r y m a t t e r p r o d u c t i v i t y r a t e ( 5 0
g m - 2 d a y - 1 ) a n d i s r e p o r t e d t o surpass t h e p r o d u c t i v i t y o f sugarcane
(Saccharum officinarum), a n o t h e r C 4 p l a n t ( S o m a n i e t a l . 1 9 9 7 ) .
A l t e r n a t i v e uses o f s o r g h u m encompass u t i l i z a t i o n o f g ra in a n d swee t s t a lk
i n f o o d a n d n o n - f o o d sectors f o r t h e p r o d u c t i o n o f c o m m e r c i a l l y v a l u e d
p r o d u c t s , such as a l coho l ( p o t a b l e a n d i n d u s t r i a l g rade) , syrups (na tu ra l a n d
h i g h f ruc to se ) , glucose ( l i q u i d a n d p o w d e r ) , m o d i f i e d starches, m a l t o d e x t r i n s ,
jaggery, s o r b i t o l a n d c i t r i c a c i d ( d o w n s t r e a m p r o d u c t s f r o m s ta rch) .
G l o b a l a n d d o m e s t i c d e m a n d f o r a n i m a l a n d p o u l t r y f e e d i s r a p i d l y
r i s i n g . S o r g h u m can b e a p r o m i n e n t ene rgy source i n p o u l t r y a n d a n i m a l f e e d
( K l e i h e t a l . 2 0 0 0 ) . S i m i l a r l y , d e m a n d f o r s t a r c h a n d i n d u s t r i a l a n d p o t a b l e
a l c o h o l i s i nc reas ing . H o w e v e r , s o r g h u m a lways has c o m p e t i t i o n f r o m m a i z e
(Zea mays) f o r va r ious i n d u s t r i a l uses. D e m a n d can also be c r e a t e d f o r
s o r g h u m i n beverage i n d u s t r i e s a s m a l t a n d a d j u n c t ( u n m a l t e d cerea l
c o m p o n e n t u s e d f o r bee r p r e p a r a t i o n ) . T h e g r adua l s h i f t f r o m t r a d i t i o n a l uses
t o p o t e n t i a l use o f s o r g h u m a s v a l u e - a d d e d f o o d a n d n o n - f o o d i n d u s t r i a l
p r o d u c t s i s d i scussed .
T r a d i t i o n a l f o o d p r o d u c t s o f s o r g h u m a n d t h e i r
c o m m e r c i a l i z a t i o n
T h e m o s t p r e f e r r e d t r a d i t i o n a l f o o d f o r m o f s o r g h u m i s roti, bhakri o r chapati 
( u n l e a v e n e d f l a t b r e a d ) m a i n l y i n t h e states o f M a h a r a s h t r a , K a r n a t a k a a n d
par t s o f A n d h r a Pradesh i n I n d i a . Roti can b e s t o r e d f o r several days i n t h e
c r i s p d e h y d r a t e d f o r m w i t h o u t loss i n q u a l i t y . I t i s c o n s u m e d a long w i t h
d i f f e r e n t k i n d s o f d ishes ( f o o d ) d e p e n d i n g o n t h e s o c i o e c o n o m i c s ta tus o f t h e
c o n s u m e r ( S u b r a m a n i a n a n d J a m b u n a t h a n 1 9 8 0 ) .
T h e r e i s a d e c l i n e i n t h e c o n s u m p t i o n p a t t e r n o f s o r g h u m m a i n l y d u e t o
t h e u r b a n i z a t i o n a n d a v a i l a b i l i t y o f s u b s i d i z e d r i c e (Oryza sativa) a n d w h e a t
( T r i t i c u m aestivum) a t a cheape r p r i c e . In t h e r e c e n t past , t h e r e is a g r o w i n g
awareness a m o n g t h e u r b a n p o p u l a t i o n t h a t s o r g h u m i s a n e x c e l l e n t h e a l t h
f o o d f o r d i a b e t i c s . A su rvey c o n d u c t e d i n 2 0 0 3 b y t h e N a t i o n a l Research
C e n t r e f o r S o r g h u m ( N R C S ) , H y d e r a b a d , A n d h r a Pradesh has i n d i c a t e d t h a t
n e a r l y 2 0 t o f g r a i n m o n t h - 1 are b e i n g c o n s u m e d i n t h e f o r m o f roti i n s m a l l
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h o t e l s i n H y d e r a b a d . T h e o t h e r t r a d i t i o n a l s o r g h u m p r e p a r a t i o n s l i k e annum 
( c o o k e d , same as r i c e ) , sankati (toh) a n d ganji ( g r u e l ) are p o p u l a r w i t h
f a r m e r s a s a p r e f e r r e d d i e t ( M u r t y a n d S u b r a m a n i a n 1 9 8 1 ) . N o o d l e s m a d e
f r o m s o r g h u m are n o t v e r y c o m m o n . A l t h o u g h t h e a c c e p t a b i l i t y o f s o r g h u m
n o o d l e s was n o t a p r o b l e m , i t was n o t g i v e n a d e q u a t e a t t e n t i o n . T h e
t e c h n o l o g y f o r n o o d l e p r e p a r a t i o n f r o m s o r g h u m m a k e s t h e p r o d u c t cheape r
a n d h e a l t h i e r a s s o r g h u m p r o d u c t s are k n o w n t o have h i g h e r levels o f v i t a m i n
B a n d d i e t a r y f i b e r ( H u l s e e t a l . 1 9 8 0 ) .
Alternative commercial grain products of sorghum
T h e a l t e r n a t i v e c o m m e r c i a l p r o d u c t s i n c l u d e b o t h f o o d a n d n o n - f o o d
p r o d u c t s . T h e m a i n f o o d p r o d u c t s are b a k e r y a n d i n d u s t r i a l p r o d u c t s .
Bakery products
C o m m o n b a k e r y p r o d u c t s such a s b r e a d , cakes a n d b i s c u i t s w e r e p r e p a r e d
a n d t e s t e d a t N R C S . F i n e l y g r o u n d s o r g h u m f l o u r e q u a l t o t h e cons i s t ency o f
f i n e w h e a t f l o u r (maida) was m a d e f r o m p e a r l e d r a i n y season s o r g h u m gra in
u s i n g 3 0 0 u m sieve. T h i s f l o u r i n c o m b i n a t i o n w i t h maida was used f o r t h e
p r e p a r a t i o n o f va r ious b a k e r y p r o d u c t s l i k e b r e a d ( m a d e o n l y f r o m s o r g h u m ) ,
m i x e d b r e a d [ f r o m s o r g h u m , f i n g e r m i l l e t (Eleusine coracana) a n d p e a r l m i l l e t
(Pennisetum glaucum) i n 2 :1 :1 r a t i o ] , cakes a n d b i s c u i t s . T h e m e t h o d o l o g y f o r
t h e p r e p a r a t i o n o f these b a k e r y p r o d u c t s i s s i m i l a r t o t h a t u s e d w i t h w h e a t
f l o u r .
Bread
F i n e l y g r o u n d s o r g h u m f l o u r was m i x e d w i t h maida, salt , sugar, f a t a n d b r e a d
i m p r o v e r s a n d was m a d e i n t o d o u g h . Bake r ' s yeast was a d d e d t o t h e d o u g h
a n d a l l o w e d f o r f e r m e n t a t i o n f o r a l o n g e r t i m e ( 1 0 - 1 2 h ) t h a n f o r t h e n o r m a l
w h e a t b r ead ; a f t e r f e r m e n t a t i o n , t h e d o u g h was b a k e d f o r a n h o u r . For
i m p r o v e d l e a v e n i n g a n d softness o f t h e b r e a d , c o m p a r e d t o w h e a t b r e a d , m o r e
yeas t a n d e x t e r n a l g l u t e n w e r e a d d e d . A m i x t u r e o f 3 0 t o 4 0 % maida a n d 6 8 %
s o r g h u m f l o u r r e s u l t e d i n t a s t y b r e a d ( F i g . 1 ) .
Cakes
P r e p a r a t i o n o f s o r g h u m cake i s s i m i l a r t o cake p r e p a r e d f r o m maida. F i n e
s o r g h u m g r a i n f l o u r was u s e d f o r t h e p r e p a r a t i o n o f cakes. F i n e l y g r o u n d
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Figure 1. Bakery products from sorghum: bread (left) and plum cake (right). 
s o r g h u m g ra in f l o u r was m i x e d w i t h r e q u i r e d q u a n t i t i e s o f sugar, egg,
e m u l s i f i e r s a n d fa t . T h e d o u g h was m a d e s l i g h t l y sof t a n d n u t s w e r e used t o
d e c o r a t e t h e t o p . T h e d o u g h a long w i t h t h e m o l d was k e p t i n a n o v e n f o r a n
h o u r f o r p r o p e r b a k i n g (F ig . 1 ) . S o r g h u m f l o u r was c o m p a r a t i v e l y s u p e r i o r t o
w h e a t f l o u r ( i n t e r m s o f tas te ) f o r cake p r e p a r a t i o n . T h e r e q u i r e m e n t o f sugar
was also less as t h e s o r g h u m g ra in was s w e e t e r t h a n w h e a t g r a i n .
Biscuits
Biscu i t s w e r e p r e p a r e d f r o m 8 0 % s o r g h u m f l o u r and 2 0 % maida. S o r g h u m
f l o u r was m i x e d w i t h maida, vege tab le fa t , sugar, b a k i n g p o w d e r a n d essence.
T h e m i x e d d o u g h was t h e n c o m p r e s s e d i n a m o l d a n d b a k e d a t t h e r e q u i r e d
t e m p e r a t u r e ( 2 2 5 ° C ) . S tud i e s o n t h e p a r a m e t e r s such a s c o m p r e s s i b i l i t y a n d
b r e a k i n g s t r e n g t h s h o w e d t h a t s o r g h u m b i s c u i t s h a d lesser b r e a k i n g s t r e n g t h
t h a n w h e a t b i s c u i t s . T h e p a n e l score i n t e r m s o f q u a l i t y a n d tas te was h i g h f o r
cakes and b i s cu i t s m a d e f r o m s o r g h u m c o m p a r e d t o w h e a t .
P i l o t s tud ies are i n progress i n c o l l a b o r a t i o n w i t h M o d e r n F o o d I n d u s t r y ,
U p p a l , H y d e r a b a d . N o n - s t i c k i n e s s u p o n e a t i n g i s a specia l t r a i t o f s o r g h u m
b a k e r y p r o d u c t s . S t u d i e s o n t h e s h e l f l i f e , a k e y f a c t o r d i r e c t l y r e l a t e d t o t h e
e c o n o m y o f b a k e r y i n d u s t r y , i n d i c a t e d t h a t t h e s h e l f l i f e v a r i e d f r o m 2 4 t o 7 2
h f o r b r e a d , 7 - 1 2 days f o r cakes a n d m o r e t h a n 30 days f o r b i s cu i t s a n d was
c o m p a r a b l e w i t h w h e a t p r o d u c t s .
Industrial products
T h e va r ious i n d u s t r i a l p r o d u c t s p r e p a r e d f r o m s o r g h u m g ra in c u r r e n t l y are
p o t a b l e a l c o h o l , g lucose , h i g h - f r u c t o s e s y r u p , m o d i f i e d s tarches,
m a l t o d e x t r i n s a n d s t a r c h d o w n s t r e a m p r o d u c t s l i k e s o r b i t o l a n d c i t r i c a c i d .
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Alcohol
C o m m e r c i a l l y v i a b l e a n d p o t a b l e a l c o h o l can b e p r e p a r e d f r o m m o l d e d g r a i n
( m o l d score above 3 .5 , on a scale w h e r e 1 = f ree f r o m m o l d ; a n d 5 = severe ly
m o l d e d g r a i n ) . Seve re ly m o l d e d g ra in ( m o l d score 4 a n d above) also can b e
u s e d . T h i s a l c o h o l , g r a d e d a s p o t a b l e , i s u s e d a s l i q u o r a n d in t h e
p h a r m a c e u t i c a l i n d u s t r y . A m o n g t h e cereals , s o r g h u m can b e a c o m p e t i t i v e
r a w m a t e r i a l f o r a l c o h o l p r o d u c t i o n because o f i t s l o w g r a i n p r i c e . A n u m b e r
o f i n d u s t r i e s are c u r r e n t l y u s i n g s o r g h u m i n a l c o h o l p r o d u c t i o n . T h e use o f
s o r g h u m a l c o h o l p r o d u c t i o n i n d i f f e r e n t d i s t i l l e r i e s i s 1 7 5 2 0 k l y r - 1 i n K e d i a
i n d u s t r i e s , 1 6 0 6 0 k l y r - 1 i n Squa re D & J S ingh , 3 6 5 0 k l y r 1 i n A m a r i n d u s t r i e s
a n d 3 5 4 0 k l yr" 1 i n G G a l e o n i n d u s t r i e s . W i t h m o d e r n t e c h n o l o g y , t h e
i n c l u s i o n o f s o r g h u m i n a l c o h o l p r o d u c t i o n does n o t have any m a j o r t e c h n i c a l
c o n s t r a i n t . I n d u s t r i e s b u y m o l d e d g r a i n a t l o w p r i c e . A l c o h o l m a d e f r o m gra in
s o r g h u m , t h o u g h n o t v e r y e c o n o m i c a l w h e n c o m p a r e d w i t h t h a t f r o m
molasses , c an b e a g o o d a l t e r n a t i v e t o p r o d u c e e t h a n o l f o r b l e n d e d p e t r o l
(gasoho l ) ; i n a d d i t i o n , t h e g r a i n i s p roces sed i n b r e w i n g i n d u s t r y t o p r o d u c e
a l c o h o l i c beverages. T h e a l c o h o l r e c o v e r y f r o m g ra in i s 4 0 0 - 4 1 0 L t - 1 a n d t h e
b y p r o d u c t can b e u s e d a s c a t t l e f e e d . S o r g h u m va r i e t i e s o r h y b r i d s w i t h h i g h
s t a r ch a n d m o d e r a t e p r o t e i n c o n t e n t i n t h e grains are m o s t d e s i r e d b y t h e
i n d u s t r y . A s t u d y c o n d u c t e d b y N R C S w i t h Seagram R & D I n s t i t u t e , N a s i k ,
M a h a r a s h t r a r e v e a l e d t h a t C S H 1 6 a n d C S H 1 8 are t h e s u p e r i o r h y b r i d s f o r
a l c o h o l p r o d u c t i o n ( S e e t h a r a m a e t a l . 2 0 0 2 ) .
T h e a l c o h o l i n d u s t r y i s q u i t e eager t o e x p l o r e a l t e r n a t i v e sources o f r a w
m a t e r i a l f o l l o w i n g t h e G o v e r n m e n t o f I n d i a ' s p o l i c y t o i n c l u d e e t h a n o l i n
p e t r o l ( i n i t i a l l y 5 % a n d m a y increase u p t o 1 0 % o r m o r e ) . S o far, sugarcane
molasses i s t h e m a j o r r a w m a t e r i a l f o r e t h a n o l p r o d u c t i o n , f o r b o t h p o t a b l e
a n d i n d u s t r i a l pu rposes . I t i s p r o j e c t e d t h a t t h e r e w o u l d b e a s h o r t s u p p l y o f
molasses in s o m e states, a n d s o r g h u m f i n d s a n i c h e .
Starch and starch byproducts 
S o r g h u m g r a i n c o n t a i n s 6 3 . 4 - 7 2 . 5 % s t a r ch , 1 7 . 8 - 2 1 . 9 % amylase , 7 . 9 - 1 1 . 5 %
p r o t e i n , 1 . 8 6 - 3 . 0 8 % fa t a n d 1 . 5 7 - 2 . 4 1 % f i b e r ( R a t n a v a t h i a n d Bala Rav i
2 0 0 0 ) . T h e r e c o v e r y o f s t a r c h f r o m s o r g h u m g r a i n i s 5 - 8 % less t h a n m a i z e , b u t
i s e q u a l l y g o o d i n q u a l i t y . I n c r e a s i n g g r a i n size a n d r e d u c i n g p r o t e i n a n d f i b e r
contents c an increase t h e r ecove ry . S o r g h u m b e i n g a cheape r source f o r t h e
p r o d u c t i o n o f s t a r c h a n d s t a r c h b y p r o d u c t s can s u b s t a n t i a l l y r ep l ace m a i z e .
L i q u i d g lucose a n d h i g h - f r u c t o s e s y r u p can b e p r e p a r e d f r o m s t a r c h .
M a l t o d e x t r i n s p r e p a r e d f r o m s o r g h u m s t a r ch are u sed i n t h e p r e p a r a t i o n o f
l o w - c a l o r i e l o w - f a t cook ie s i n t h e b a k i n g i n d u s t r y ( A n o n y m o u s 2 0 0 2 ) .
Sorbitol
S o r b i t o l i s u s e d as a s y r u p base in t h e p h a r m a c e u t i c a l i n d u s t r y . S t a r c h i s
h y d r o l y z e d a n d c h e m i c a l l y c o n v e r t e d i n t o s o r b i t o l u s ing Raney N i c k e l a s
ca ta lys t . T h e c o n v e r s i o n pe rcen t age f r o m glucose t o s o r b i t o l i s 9 0 %
( A n o n y m o u s 2 0 0 3 ) . H o w e v e r , a t t e m p t s are b e i n g m a d e t o use m i c r o -
o rgan i sms t o c o n v e r t s t a r ch i n t o s o r b i t o l (Ra ine r a n d S i lve i r a 2 0 0 3 ) .
High-fructose syrup 
H i g h - f r u c t o s e s y r u p can be p r e p a r e d f r o m s o r g h u m g r a i n . T h i s i s a h i g h l y
v a l u e d p r o d u c t i n t h e p h a r m a c e u t i c a l i n d u s t r y . I t i s 1.6 t i m e s s w e e t e r t h a n
sucrose ( c o m m o n sugar) . I t can be u t i l i z e d a s a s w e e t e n e r in p h a r m a c e u t i c a l ,
sof t d r i n k a n d f o o d p rocess ing i n d u s t r i e s . I t was successfu l ly p r e p a r e d b y us ing
n a t i v e inve r t a se e n z y m e i n N R C S l abo ra to ry . T h e s w e e t s o r g h u m v a r i e t y
R S S V 9 was best s u i t e d f o r t h e p r e p a r a t i o n o f h i g h - f r u c t o s e s y r u p
( A n o n y m o u s 2 0 0 3 ) . T h e s t a n d a r d i z e d t e c h n o l o g y i s avai lable w i t h t h e
M a r a t h w a d a A g r i c u l t u r a l U n i v e r s i t y , Pa rbhan i , M a h a r a s h t r a .
Glucose
L i q u i d a n d p o w d e r g lucose can b e p r e p a r e d e c o n o m i c a l l y f r o m s o r g h u m g r a i n .
G l u c o s e also can b e p r o d u c e d f r o m s t a rch e n z y m a t i c a l l y . T h e s t a n d a r d i z e d
t e c h n o l o g y i s ava i lab le w i t h A g r o - P r o d u c t D e v e l o p m e n t C e n t r e , Panjabrao
D e s h m u k h K r i s h i V i d y a p e e t h , A k o l a , M a h a r a s h t r a a n d t h e D e p a r t m e n t o f
F o o d Techno logy , M a r a t h w a d a A g r i c u l t u r a l U n i v e r s i t y , Pa rbhan i ( A n o n y m o u s
2 0 0 3 ) .
Malt
C o m m e r c i a l l y , m a l t i s p r e p a r e d f r o m s o r g h u m g r a i n a n d t h i s m a l t i s u s e d i n
t h e p r e p a r a t i o n o f b a b y f o o d a n d beverages . M i l o i s a s o r g h u m d r i n k
p r e p a r e d f r o m s o r g h u m m a l t . T h e d i a s t a t i c a c t i v i t y o f s o r g h u m i s 8 0 % o f
t h a t o f b a r l e y ( H o r d e u m vulgare). T h e o p t i m i z a t i o n o f c o n d i t i o n s f o r
s o r g h u m m a l t p r e p a r a t i o n was c a r r i e d o u t a t N R C S (Bala Ravi a n d
R a t n a v a t h i 1 9 9 1 ) . T h e d i a s t a t i c a c t i v i t y m e a s u r e d i n S o r g h u m D i a s t a t i c
U n i t s ( S D U ) v a r i e d w i t h g e n o t y p e s t e s t e d : 1 4 4 . 5 S D U i n I S 1 4 3 8 7 , 1 5 1
S D U i n S P V 8 2 4 a n d 2 0 0 S D U i n W S 1 2 9 7 . A m a l t i n g loss o f 2 7 - 3 9 %
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r e c o r d e d i n t he se g e n o t y p e s can b e m i n i m i z e d b y r e d u c i n g a i r a n d w a t e r
s u p p l y . M i c r o - m a l t i n g t e c h n i q u e o f s o r g h u m g r a i n ( s a m p l e 1 0 g ) w a s
e s t a b l i s h e d f o r r a p i d s c r e e n i n g o f g e r m p l a s m l ines a n d e l i t e b r e e d i n g l ines
f o r d i a s t a t i c a c t i v i t y (Jaya e t a l . 2 0 0 1 ) .
Adjunct
G r a i n s o r g h u m f lakes are u s e d a s a n a d j u n c t i n t h e b r e w i n g i n d u s t r y . S o r g h u m
can b e a cheape r r a w m a t e r i a l c o m p a r e d t o m a i z e . P r e s e n t l y m a i z e f lakes o r
b r o k e n r i c e i s b e i n g u s e d i n t h e b r e w i n g i n d u s t r y . A s t u d y c o n d u c t e d b y N R C S
i n c o l l a b o r a t i o n w i t h t h e I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i -
A r i d T r o p i c s ( I C R I S A T ) , P a t a n c h e r u , A n d h r a Pradesh r evea l ed t h a t s o r g h u m
c u l t i v a r s C S V 1 1 , C S V 1 3 a n d C S H 5 are bes t s u i t e d a s ad junc t s ( R a t n a v a t h i
a n d Bala R a v i 2 0 0 0 ) . A f u r t h e r s t u d y i n c o l l a b o r a t i o n w i t h a c o m m e r c i a l
b r e w e r y a t M u m b a i , M a h a r a s h t r a r e v e a l e d t h a t t h r e e r e c e n t l y re leased
c u l t i v a r s o f s o r g h u m ( C S H 13, C S H 1 4 a n d C S H 17) can b e u sed a s e f f i c i e n t
a d j u n c t s a n d p i l o t s tud ies i n t h i s d i r e c t i o n w o u l d d e f i n i t e l y encourage h i g h e r
s o r g h u m g ra in usage i n b r e w e r i e s .
Alternative uses of sweet-stalk sorghum
S w e e t - s t a l k s o r g h u m i s a p o t e n t i a l r a w m a t e r i a l f o r t h e p r e p a r a t i o n o f jaggery,
s y r u p a n d e t h a n o l . P r o d u c t i o n o f j aggery f r o m s w e e t s o r g h u m i s i d e n t i c a l t o
sugarcane a n d t h e j aggery o b t a i n e d f r o m s w e e t s o r g h u m i s c o m p a r a b l e t o
sugarcane jaggery. C u l t i v a t i o n o f s w e e t s o r g h u m i s e c o n o m i c a l i n r a i n f e d areas
w h e r e sugarcane c u l t i v a t i o n i s n o t poss ib le . T h e seed ra t e a n d s o w i n g p a t t e r n
r e c o m m e n d e d f o r g r a i n s o r g h u m can b e a d o p t e d . H o w e v e r , a f e r t i l i z e r dosage
o f 1 2 0 k g n i t r o g e n ha"1 a n d 6 0 k g P 2 O 5 h a - 1 i s sugges ted f o r i nc reas ing t h e
s w e e t s o r g h u m cane y i e l d .
T h e v a r i e t y S S V 8 4 has y i e l d i n g a b i l i t y o f 4 0 . 4 t ha"1 g r een cane ( w i t h a n
average b r i x v a l u e o f 1 8 . 4 % ) a n d 1.38 t ha - 1 g r a i n . S w e e t s o r g h u m cane j u i c e
has 5 pH, 12 to 1 3 % sucrose, 0 .8 to 1.8% r e d u c i n g sugars a n d 0 .6 to 1.8%
s t a r c h . T h u s , i t c o n s i s t e n t l y p r o d u c e d a m i n i m u m o f 1 2 % sucrose o r a t least
1 5 % t o t a l f e r m e n t a b l e s w i t h 5 0 - 6 0 % j u i c e r ecovery .
Ethanol as biofuel 
S w e e t s o r g h u m s t a l k w i t h 6 5 % j u i c e r e c o v e r y i s a c o m p e t i t i v e r a w m a t e r i a l f o r
t h e p r o d u c t i o n o f e t h a n o l . M o s t o f t h e s w e e t s o r g h u m va r i e t i e s m a t u r e
b e t w e e n 115 a n d 125 days d u r i n g r a i n y season. S ta lks can b e h a r v e s t e d a long
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Table 1 . P romis ing s w e e t s o r g h u m g e n o t y p e s for e thano l p roduc t ion .
Genotype
RSSV 59
RSSV 46
RSSV 24
RSSV 45
RSSV 57
RSSV 44
SSV 84
RSSV 58
NSS 219
NSS 216
NSS 218
NSS 209
NARISS 41
AKSS 01-03
NARISS 83
Plant
height
(cm)
317.8
293.9
343.5
347.6
317.1
276.4
273.9
299.8
282.2
306.4
279.7
293.3
295.5
282.3
238.7
Cane
yield
(tha -1)
48.44
47.68
45.67
45.48
45.29
44.49
43.58
42.42
40.51
39.16
38.57
38.11
34.49
28.72
27.85
Grain
yield
(tha -1)
2.24
2.80
1.50
2.01
2.48
2.63
1.77
2.17
2.05
2.74
2.24
1.76
1.94
2.91
2.28
Extraction
( % )
50.1
42.5
46.7
39.1
45.7
43.1
47.1
46.1
42.3
41.3
39.4
46.3
48.8
44.8
41.1
Brix
( % )
17.7
16.2
16.1
16.8
16.6
15.9
16.5
17.2
16.6
16.2
16.9
16.9
14.2
14.9
16.2
TSS1
( % )
15.1
13.1
13.1
14.1
13.7
13.2
14.1
13.3
14.1
13.8
13.0
13.6
12.9
11.6
14.4
RS2
( % )
1.5
1.7
1.4
1.8
1.3
1.3
2.1
1.4
2.0
1.9
2.2
1.5
1.3
1.9
1.9
Sucrose
( % )
13.6
11.3
11.2
11.9
12.0
12.3
11.8
11.9
12.0
11.7
10.6
11.6
9.5
9.6
12.3
1. TSS = Total soluble sugars.
2. RS = Reducing sugars.
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w i t h g r a in , o r 4 - 5 w e e k s a f te r harves t o f panic les f o r g ra in . T h e g reen cane
y i e l d var ies f r o m 30 to 50 t ha"1 a n d g ra in y i e l d f r o m 0.8 to 2 .0 t ha"1 w i t h a 
b r i x va lue o f 1 6 t o 2 3 % . S w e e t s o r g h u m va r i e t i e s a n d h y b r i d s b r e d a t N R C S
have p o t e n t i a l to p r o d u c e b iomass up to 48 t ha - 1 , 1.5 to 2 .9 t ha - 1 g ra in w i t h
b r i x va lue o f 1 4 t o 1 8 % (Table 1) . S w e e t s o r g h u m can b e g r o w n t h r o u g h o u t
t h e year, w i t h m i n i m u m i r r i g a t i o n r e q u i r e m e n t s a n d p u r c h a s e d i n p u t s , w h i c h
is an advantage ove r sugarcane.
F i v e s w e e t s o r g h u m g e n o t y p e s [ K e l l e r , S S V 8 4 , B J 2 4 8 , W r a y
( v a r i e t i e s ) ; N S S H 1 0 4 ( h y b r i d ) ] w e r e e v a l u a t e d f o r t o t a l sugar, a l c o h o l
p r o d u c t i o n a n d f e r m e n t a t i o n e f f i c i e n c y ( F i g . 2 ) . E x t r a c t a b l e j u i c e a n d sugar
c o n t e n t r e s u l t s s h o w e d v a r i e t a l d i f f e r e n c e s . E x t r a c t a b l e j u i c e ( p e r f i v e
p l a n t s ) v a r i e d f r o m 1 0 8 0 m l ( W r a y ) t o 1 7 9 0 m l ( S S V 8 4 ) . T o t a l sugar
c o n t e n t v a r i e d f r o m 4 . 6 6 t ha - 1 t o 7 .35 t ha - 1 . A m o n g t h e f i v e g e n o t y p e s ,
S S V 8 4 s h o w e d h i g h j u i c e e x t r a c t a b i l i t y ( 3 4 . 4 k l h a - 1 ) . T h e b r i x va lue was
h i g h i n K e l l e r , a n d t h e r e f o r e h i g h e t h a n o l p r o d u c t i o n was o b t a i n e d f r o m t h e
j u i c e o f t h i s v a r i e t y . R e d u c i n g sugar c o n t e n t o f t h e j u i c e v a r i e d f r o m 1.10 t o
2 . 8 0 % ( w / v ) .
F i g u r e 2 . T o t a l s u g a r a n d e t h a n o l p r o d u c t i o n y i e l d s f r o m f i v e sweet s o r g h u m
v a r i e t i e s .
T h e p re sence o f r e d u c i n g sugars i n s w e e t s o r g h u m p r e v e n t s
c r y s t a l l i z a t i o n . F e r m e n t a t i o n o f j u i c e f r o m S S V 8 4 y i e l d e d 4 .5 k l h a - 1 e t h a n o l
w h e r e a s h i g h f e r m e n t a t i o n e f f i c i e n c y ( i e , t h e e f f i c i e n c y o f yeast t o p r o d u c e
a l c o h o l p e r u n i t o f j u i c e ) o f 9 1 % was o b s e r v e d w i t h g e n o t y p e K e l l e r . H i g h
b iomass p r o d u c t i o n was o b s e r v e d w i t h v a r i e t y B J 2 4 8 .
T h e f i n i s h e d p r o d u c t o f t h e f e r m e n t a t i o n , i e , e t h y l a l c o h o l ( C 2 H 5 O H )
has h i g h c o m m e r c i a l v a l u e . E t h a n o l i s a ' c l e an b u r n i n g f u e l ' w i t h h i g h o c t a n e
r a t i n g a n d t h e e x i s t i n g a u t o m o b i l e eng ines can b e o p e r a t e d w i t h p e t r o l
b l e n d e d w i t h 2 0 % e t h a n o l ( 8 0 % p e t r o l ) w i t h o u t n e e d f o r e n g i n e
m o d i f i c a t i o n . T h e s w e e t s o r g h u m j u i c e can b e u s e d a s a r a w m a t e r i a l t o
p r o d u c e a l c o h o l .
A p i l o t s t u d y i n c o l l a b o r a t i o n w i t h a sugar f a c t o r y i n K a r n a t a k a was
c o n d u c t e d success fu l ly f o r t h e p r o d u c t i o n o f a l c o h o l u s i n g s w e e t s o r g h u m
j u i c e f r o m v a r i e t y S S V 8 4 . T o t a l f e r m e n t a b l e sugars w e r e e n o u g h t o ach ieve
m a x i m u m f e r m e n t a t i o n e f f i c i e n c y f o r a l c o h o l p r o d u c t i o n . S w e e t s o r g h u m
c u l t i v a r s have 9 0 % f e r m e n t a t i o n e f f i c i e n c y . P i l o t s tud ies s h o w e d t h a t r e c o v e r y
o f a l c o h o l f r o m s w e e t s o r g h u m cane j u i c e e c o n o m i c a l l y i s a b o u t 9%. P i l o t
p r o d u c t i o n s tud ie s are e n c o u r a g i n g a n d i n d i c a t e cos t e f fec t iveness o f s w e e t
s o r g h u m r a w m a t e r i a l f o r e t h a n o l p r o d u c t i o n .
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Extractable
juice (%)
Juice
(kg ha-1) Total sugar(t ha-1) Ethanol(kl ha-1)
Keller
SSV 84
BJ 248
NSSH 104
Wray
50
40
30
20
10
0
Figure 3. Syrup from sweet sorghum. Figure 4. Jaggery from sweet sorghum. 
197
Natural syrup 
S w e e t s o r g h u m cane j u i c e i s c o n c e n t r a t e d a n d s t e r i l i z e d t o m a k e n a t u r a l
s y r u p , w h i c h c a n b e u s e d i n c o n f e c t i o n e r y i n d u s t r y a s a s w e e t e n e r . T h e
s y r u p c a n also b e u s e d i n s t e a d o f h o n e y w i t h b r e a k f a s t f o o d s ( F i g . 3 ) .
S y r u p f r o m s w e e t s o r g h u m j u i c e w a s a lso p r e p a r e d c o m m e r c i a l l y i n
K e n t u c k y a n d A l a b a m a i n U S A ( U n i v e r s i t y o f K e n t u c k y 2 0 0 3 ) .
' M A D H U R A , s y r u p f r o m s w e e t s o r g h u m j u i c e , i s b e i n g m a r k e t e d b y
N i m b k a r A g r i c u l t u r a l R e s e a r c h F o u n d a t i o n , P h a l t a n , M a h a r a s h t r a a t U S $ 1
f o r 4 0 0 m l . T h e c h e m i c a l c o m p o s i t i o n o f s w e e t s o r g h u m s y r u p i s
n u t r i t i o n a l l y e q u a l t o t h a t o f h o n e y . I t i s v e r y r i c h i n c a l c i u m a n d i r o n
( A n o n y m o u s 2 0 0 3 ) .
Jaggery
S w e e t s o r g h u m j u i c e can b e c o n c e n t r a t e d t o m a k e j a g g e r y u s i n g t h e same
t e c h n o l o g y u s e d f o r m a k i n g suga rcane j a g g e r y ( F i g . 4 ) . T h e y i e l d i s 3 t o 3 .5
t ha - 1 a n d i s e c o n o m i c a l c o m p a r e d to sugarcane j aggery . Jaggery
p r e p a r a t i o n i s m a i n l y d e p e n d e n t o n t h e i n v e r t a s e a c t i v i t y . S o m e g e n o t y p e s
w i t h v e r y l o w i n v e r t a s e i n t h e s t a lk s d o n o t ge t i n v e r t e d . T h e g e n o t y p e s
N S S V 6 , N S S V 7 a n d N S S V 8 have b e e n i d e n t i f i e d a s g o o d f o r j a g g e r y
c r y s t a l l i z a t i o n . Jaggery f r o m s o r g h u m m a y b e b e t t e r f o r d i a b e t i c p a t i e n t s
d u e t o r i c h f i b e r c o n t e n t . Sugars i n s w e e t s o r g h u m s t a l k i n c l u d e suc rose ,
g l u c o s e a n d f r u c t o s e . A m o n g t h e s ix c u l t i v a r s o f s w e e t s o r g h u m e v a l u a t e d
f o r j a g g e r y q u a l i t y , N S S V 6 y i e l d e d g o o d q u a l i t y j a g g e r y w i t h b e s t
c r y s t a l l i z a t i o n f o l l o w e d b y N S S V 7 . Jaggery p r e p a r e d f r o m N S S H 1 0 4 a n d
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S S V 8 4 h a d g o o d c o n f e c t i o n e r y t a s t e . H o w e v e r , m a x i m u m j a g g e r y w a s
p r o d u c e d f r o m S S V 8 4 ( 7 . 6 7 % o f cane w e i g h t ) f o l l o w e d b y N S S V 6 
( 5 . 8 8 % o f cane w e i g h t ) .
Institutional alliances necessary for scaling-up
technology
T h e m a i n i n d u s t r i e s t h a t can use e i t h e r g r a in s o r g h u m o r s w e e t s o r g h u m are
f o o d i n d u s t r i e s f o r b a k e r y p r o d u c t s , s t a r ch i n d u s t r y , b r e w i n g i n d u s t r y a n d
a l c o h o l i n d u s t r y ( b o t h g ra in -based a n d molasses-based) . M a i z e i s t h e m a i n
c o m p e t i n g g r a i n f o r s t a r c h a n d f o o d p r o d u c t s . Sugarcane molasses i s t h e
c o m p e t i n g r a w m a t e r i a l t o s w e e t s o r g h u m f o r a l c o h o l p r o d u c t i o n . I n d u s t r i e s
are g e n e r a l l y i n t e r e s t e d i n cheape r r a w m a t e r i a l w i t h o u t l o s ing t h e b e n e f i t s o f
b y p r o d u c t s a n d q u a l i t y o f t h e f i n a l p r o d u c t . I n case o f g ra in -based a l c o h o l
i n d u s t r y , t h i s i s q u i t e poss ib le . H o w e v e r , f o r t h e sca l ing -up o f any t e c h n o l o g y
t h e f o l l o w i n g aspects s h o u l d b e c o n s i d e r e d :
• N e e d f o r m a c h i n e r y m o d i f i c a t i o n
• L o c a t i o n o f i n d u s t r y near r a w m a t e r i a l ava i lab le zone
• C o o r d i n a t i o n b e t w e e n i n d u s t r y , r e sea rch i n s t i t u t e a n d t h e f a r m e r s
C o n t r a c t f a r m i n g m a y b e t a k e n u p b y i n d u s t r i e s t o ensure t h e assured
s u p p l y o f s o r g h u m a t reasonable p r i c e . T h i s w o u l d b e n e f i t b o t h t h e f a r m e r s
a n d i n d u s t r i e s . P r i ce i n c e n t i v e s s i m i l a r t o sugarcane s h o u l d b e g i v e n t o f a r m e r s
t o encourage t h e m t o g r o w s w e e t s o r g h u m f o r e t h a n o l p r o d u c t i o n . T h e r e i s a 
p r o p o s a l f r o m t h e i n d u s t r y t o p r o c u r e g r a i n f r o m t h e f a r m e r s f o r a f i x e d p r i c e
w i t h t h e s u p p o r t o f R & D organ iza t ions a n d s ta te a g r i c u l t u r a l u n i v e r s i t i e s
i n v o l v e d i n s o r g h u m research . T h i s t y p e o f a l i a i son f r o m t h e i n d u s t r y i s m u c h
n e e d e d f o r t h e b e n e f i t o f f a r m e r s .
F o o d i n d u s t r i e s a re m o s t l y b a s e d i n t h e s t a t e s o f K a r n a t a k a a n d
T a m i l N a d u i n I n d i a . G r a i n s o r g h u m u p t a k e b y f o o d i n d u s t r i e s i n t h e s e
s t a t e s w o u l d c e r t a i n l y e n h a n c e t h e u t i l i z a t i o n o f s o r g h u m . T h e u p t a k e o f
s o r g h u m b y i n d u s t r i e s a t c h e a p e r p r i c e c o m p a r e d t o m a i z e w o u l d
c e r t a i n l y i m p r o v e t h e f a r m e r ' s n e t r e t u r n s a n d u l t i m a t e l y t h e loss o f
s o r g h u m area t o s o m e o t h e r c o m p e t i n g c r o p s c a n b e a r r e s t e d . P u b l i c
i n s t i t u t i o n s s h o u l d e n c o u r a g e t e c h n o l o g i c a l d e v e l o p m e n t s w i t h
n e c e s s a r y s u p p o r t e i t h e r t o f a r m e r s o r i n d u s t r i e s t o e n c o u r a g e p r o s p e r i t y
t o p o o r f a r m e r s i n d r y areas .
References
Anonymous. 2002. Developing sorghum as an efficient biomass and bio-energy crop
and provid ing value addi t ion to the rain damaged khar i f grain for creating industr ial
demand. Annua l repor t of the project NATP-RNPS-24 report . 2002, India: NATP. 18
pp .
Anonymous. 2003. Developing sorghum as an efficient biomass and bio-energy crop and
providing value addi t ion to the rain damaged khar i f grain for creating industrial demand.
Annua l report of the project NATP-RNPS-24 report , 2003. India: NATP. 24 pp.
Bala Ravi S and Ratnavathi C V . 1991 . Effect of di f ferent durations of steeping and
mal t ing on the p roduc t ion of aplha-amylase in sorghum. Journal of Cereal Science
14:287-296.
FAOSTAT. 2002. Statistics database, 2002. (www.fao.org) Rome, Italy: FAO.
Hulse J M , Laing EM and Pearson O E . 1980. Sorghum and mil le ts : the i r composi t ion
and nu t r i t i ve value. London , U K : Academic Press. 521 pp.
Jaya K, Ratnavathi C V , Suresh K, Bala Ravi S and Bhalla S C . 2 0 0 1 . Poster presented
at the Internat ional Conference on N e w Horizons in Biotechnology ( N H B T - 2001)
organized by CSIR , Tr ivandrum, India, 16-20 A p r i l 2 0 0 1 .
Kleih U, Bala Ravi S, Dayakar Rao B and Yogananad B. 2000. Indust r ia l u t i l i za t ion of
sorghum in India. W o r k i n g Paper Series no. 4. Patancheru 502 324, Andhra Pradesh,
India: Socioeconomics and Policy Program, Internat ional Crops Research Ins t i tu te for
the S e m i - A r i d Tropics. 44 pp .
M u r t y DS and Subramanian V. 1981 . Sorghum roti: I . Tradit ional methods of
consumpt ion and standard procedures for evaluation. Pages 73-78 in Proceedings of
the Internat ional Sympos ium on Sorghum G r a i n Qual i ty , 2 8 - 3 1 O c t 1981 , I C R I S A T
Center, Patancheru, India. Patancheru 502 324, Andhra Pradesh, India: Internat ional
Crops Research Ins t i tu te for the S e m i - A r i d Tropics.
Rainer J and Silveira M M . 2003. The biotechnological p roduc t ion of sorbi tol . In
Internat ional Conference on Emerging Frontiers at the Interface of Chemis t ry and
Biology ( I C B - 2003) , CSIR , Tr ivandrum, India, 2 8 - 3 0 A p r i l 2003. Tr ivandrum, India:
Regional Research Laboratory, CSIR .
Ratnavathi CV and Bala Ravi S. 2000. A study on the sui tabi l i ty of unmal ted sorghum
as a b rewing adjunct. Journal of Ins t i tu te of Brewing 106(6 ) :383-387 .
Seetharama N, Dayakar Rao B, Ratnavathi C V , Shahid Parwez M d , Binu M a t h e w
and Bharath Kumar KA. 2002. Sorghum as raw material for alcohol p roduc t ion .
Presented at Dis t i l le rs Association of Maharashtra, 25 August 2002, M u m b a i , India.
Somani RB, Almodares A, Pandrangi RB and Sepahi A. 1997. Potential of sweet
sorghum in India and Iran for alcohol and sweeteners p roduc t ion . Pages 7 0 1 - 7 1 1 in
199
Proceedings of the First In ternat ional Sweet Sorghum Conference, 14-19 September
1997, Beijing, China (La Dajne, ed.) . Beijing, China: Ins t i tu te of Botany, Chinese
Academy of Sciences.
Subramanian V and Jambunathan R. 1980. Tradi t ional methods of processing
sorghum (Sorghum bicolor) and pearl m i l l e t (Pennisetum americanum) grains in India.
Reports of the Internat ional Association of Cereal Chemis t ry 10:115-188.
University of Kentucky. 2003 . www.ca.uky.edu/agc/pubs/agr/agrl22/agrl22.htm.
Kentucky, U S A : Univers i ty o f Kentucky.
200
1.
2 .
I n s t i t u t e o f C r o p Science, Chinese A c a d e m y o f A g r i c u l t u r a l Sciences, Beij ing 1 0 0 0 8 1 , Ch ina .
I n s t i t u t e o f S o r g h u m , L iaon ing A c a d e m y o f A g r i c u l t u r a l Sciences, Shenyang 1 1 0 1 6 1 , C h i n a .
Alternat ive Uses of Sorghum - Methods and
Feasibility: Chinese Perspective
Li Guiying1, Lu Qingshan2 and Zou Jianqiu2
Abstract
China, one of the major sorghum producers in the world, ranked fifth in harvested 
area and sixth in production during 2000-02. According to incomplete statistics, 
there are more than 40 types of traditional sorghum foods in China. Now sorghum 
is grown mainly for liquor and vinegar production, and only a small part is used 
as staple food. Around 2.6 million t of sorghum per year is used for liquor 
production. New products such as popped food and sorghum pigment are being 
commercialized. Rut more attention needs to be paid to the development of other 
products.
Archaeo log ica l research shows t h a t s o r g h u m (Sorghum bicolor) has been
c u l t i v a t e d fo r a t least 4 0 - 5 0 centur ies in C h i n a . I t used to p lay an i m p o r t a n t ro le
in p r o m o t i n g c r o p p r o d u c t i o n and guaranteeing f o o d security, especially in t h e
a r id , semi -a r id and wa te r logged areas in C h i n a . In t h e early 2 0 t h century, s o r g h u m
area accoun ted for 1 0 - 2 6 % o f t h e t o t a l c r o p area, and r a n k e d t h i r d after r ice
(Oryza sativa) and w h e a t (Triticum aestivum) (Song Renben et al . 2 0 0 2 ) .
S ince t h e f o u n d i n g o f t h e People 's R e p u b l i c o f C h i n a i n 1 9 4 9 , great
changes have t a k e n place i n s o r g h u m p r o d u c t i o n , w i t h t h e i m p r o v e m e n t o f
l i v i n g s t a n d a r d , r e a d j u s t m e n t o f a g r i c u l t u r a l p r o d u c t i o n s t r u c t u r e , a n d
t r a n s f o r m a t i o n f r o m p l a n n e d e c o n o m y t o m a r k e t e c o n o m y . S o r g h u m area and
p r o d u c t i o n has also b e e n chang ing w i t h social d e m a n d s .
I n 1 9 5 2 , s o r g h u m area was h i s t o r i c a l l y h ighes t ( 9 . 4 m i l l i o n ha) ,
a c c o u n t i n g f o r 7 .5% o f t h e c u l t i v a t e d area o f al l c rops . T h e average y i e l d o f
s o r g h u m was 1.19 t ha - 1 . S ince t h e n s o r g h u m area g r a d u a l l y decreased ,
d r o p p i n g b y 3 4 . 4 % i n 1 9 6 5 c o m p a r e d t o 1 9 5 2 . D u r i n g t h i s p e r i o d , s o r g h u m
h a d b e e n g r o w n m a i n l y f o r s tap le f o o d .
D u r i n g 1 9 6 6 - 7 6 , s o r g h u m area f u r t h e r decreased t o 4 .33 m i l l i o n h a i n
1 9 7 6 , d e c l i n i n g b y 2 9 . 6 % c o m p a r e d t o 1 9 6 5 . B u t p r o d u c t i o n increased g rea t l y
( 8 . 7 m i l l i o n t ) , a n d y i e l d was a r o u n d 2 .0 t ha - 1 . S o r g h u m was s t i l l g r o w n
m a i n l y f o r s taple f o o d , b u t a h i g h e r p r o p o r t i o n was used as f e e d o r r a w
m a t e r i a l f o r l i q u o r p r o d u c t i o n .
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D u r i n g 1 9 7 7 - 8 8 w h e n C h i n a r e f o r m e d a n d was o p e n t o t h e o u t s i d e
w o r l d , a g r i c u l t u r a l p r o d u c t i o n d e v e l o p e d q u i c k l y a n d l i v i n g s tandards
i m p r o v e d grea t ly . S o r g h u m area dec reased sha rp ly a l t h o u g h i t s l i g h t l y
inc reased i n s o m e years . H o w e v e r , y i e l d c o n t i n u e d inc reas ing a n d was 3 .15 t 
h a - 1 i n 1 9 8 8 . P r o p o r t i o n o f s o r g h u m u s e d f o r s tap le f o o d dec reased g r a d u a l l y
u n t i l 1 9 8 8 w h e n i t s uses f o r f o o d , f e e d a n d b r e w e r y was a l m o s t s imi l a r .
S o r g h u m area c o n t i n u e d t o decrease d u r i n g 1 9 8 9 - 2 0 0 0 . A l s o , t h e
p r o d u c t i o n decreased; h o w e v e r , y i e l d inc reased . M o r e a n d m o r e s o r g h u m was
u s e d f o r p r o d u c i n g l i q u o r . C u r r e n t l y s o r g h u m area i s a r o u n d 0 . 7 - 0 . 8 m i l l i o n
ha, w i t h a s l i g h t increase i n p r o d u c t i o n ( F i g . 1 ) . A b o u t 9 0 % s o r g h u m i s u s e d
f o r b r e w e r y , a n d less t h a n 1 0 % f o r f o o d o r f e e d . I t i s a n ind i spensab le r a w
m a t e r i a l f o r p r o d u c i n g h i g h q u a l i t y C h i n e s e l i q u o r a n d t h e m o s t i m p o r t a n t
source o f i n c o m e f o r f a r m e r s i n s o r g h u m p r o d u c t i o n areas.
T r a d i t i o n a l s o r g h u m g r a i n p r o d u c t s a n d t h e i r
c o m m e r c i a l i z a t i o n
Since a n c i e n t t i m e s s o r g h u m g ra in has b e e n u s e d in C h i n a a s f o o d a n d a s r a w
m a t e r i a l f o r C h i n e s e l i q u o r , s t a rch , v inegar a n d K a o l i a n g Y i ( c a r a m e l ) . For
m a n y c e n t u r i e s , s o r g h u m was s tap le f o o d f o r t h e p o p u l a t i o n i n t h e a r i d a n d
Figure 1. Changes in area, yield and production of sorghum in China 
(1952-2002) (Source: FAO 2003). 
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Year
Production
('000 t) 
Yield
(kg ha1)
Area
('000 ha)
12000
10000
8000
6000
4000
2000
0
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Table 1 . Tradi t ional f o o d p roduc ts o f s o r g h u m gra in in C h i n a .
Category
Polished
grain foods
Flour foods
Popped
products
Description
Cooked grain meal
Conjee
Dough made with
cold water
Dough made with
hot water
Glue flour paste
Dried flour
Moist flour
Leavened dough
Sticky flour
Popped grains
Typical products
Cooked sorghum with less water, cooked sorghum
washed with cold water, cooked sorghum with other
cereal grain or legumes
Conjee of whole polished grain, conjee of mashed
grain, conjee of sorghum grain and legumes, alkali conjee 
Hele (a kind of vermicelli made from sorghum
powder), fried dumpling, Chinese pancake, cut
noodle, planed noodles
Dumpling, steamed bread, steamed roll, fish-like
noodle, lump soup, flapjack
Fried dumpling, fried bread, batter cake
Parched flour, conjee 
Soft cake
Cake (steamed or toasted), sour soup, rolled bread
three-color cake
Sticky cake, sticky steamed bun filled with bean
paste, sticky baked cake, sticky fried cake
Popped shortbread, puffed sorghum grain
s e m i - a r i d areas. La te r , f o r m a n y years p e o p l e d i d n o t eat s o r g h u m . Inc reas ing
n u m b e r o f p e o p l e are n o w e a t i n g i t , n o t a s s taple f o o d , b u t a s h e a l t h y foods f o r
b a l a n c e d n u t r i t i o n .
Traditional foods
T h e r e are m a n y t r a d i t i o n a l s o r g h u m foods i n C h i n a , w i t h va r ious process ing
m e t h o d s . A c c o r d i n g t o Z h a o S h u k u n ( 1 9 8 7 ) , i t was f o u n d t h a t t h e r e w e r e
a r o u n d 4 0 t r a d i t i o n a l s o r g h u m foods , w h i c h c o u l d b e s o r t e d i n t o t h r e e g roups
based o n r a w m a t e r i a l s a n d p rocess ing m e t h o d s : p o l i s h e d g ra in foods , f l o u r
foods a n d p o p p e d foods (Table 1 ) . S o m e o f t h e i m p o r t a n t foods are: s o r g h u m
hele ( a k i n d o f v e r m i c e l l i ) , c u t nood le s , p l a n e d nood les , s t e a m e d b r e a d ,
d u m p l i n g , s o r g h u m - v e g e t a b l e r o l l , l e avened cake a n d b a t t e r cake ( L u
Q i n g s h a n 1 9 9 9 ) .
Cooked foods 
Sorghum hele. 
• P repare d o u g h w i t h 5 k g s o r g h u m f l o u r , 0 .25 k g e l m b a r k p o w d e r , a l i t t l e
w h e a t f l o u r a n d 2 .5 L w a t e r .
• B o i l w a t e r in a p o t .
• Place a hele-bed [ a w o o d e n b o a r d w i t h m a n y holes ( 3 m m i n d i a m e t e r ) ]
above t h e p o t w i t h b o i l i n g w a t e r . Press p r e p a r e d d o u g h o n t h e hele-bed t o
f o r m nood l e s , w h i c h d i r e c t l y d r o p i n t o b o i l i n g w a t e r . T h e c o o k e d n o o d l e s
are c a l l e d hele in C h i n e s e .
• Prepare t h i c k g ravy o f pe r sona l f a v o r i t e .
• M i x c o o k e d n o o d l e s w i t h t h i c k gravy a n d serve.
Cut noodles.
• P repare d o u g h w i t h 5 kg s o r g h u m f l o u r a n d 2.5 L w a t e r (as above ) .
• R o l l t h e p r e p a r e d d o u g h w i t h a r o l l i n g p i n i n t o a f l a t shape.
• C u t w i t h a k n i f e i n t o n o o d l e s .
• F o l l o w t h e steps as in hele p r e p a r a t i o n f o r c o o k i n g a n d se rv ing .
Planed or flat noodles.
• Prepare d o u g h as above w i t h s o r g h u m f l o u r .
• H o l d t h e d o u g h w i t h one h a n d , a n d c u t t h e d o u g h w i t h a sharp k n i f e i n t o
t h i n , f l a t n o o d l e s
• F o l l o w t h e steps as in hele p r e p a r a t i o n f o r c o o k i n g .
Steamed foods 
Steamed bread.
• Prepare d o u g h as above w i t h s o r g h u m f l o u r .
• M a k e t h e d o u g h i n t o a b u n - l i k e shape w i t h a h o l e i n t h e b o t t o m .
• S t e a m t h e s h a p e d d o u g h .
Dumpling.
• T h e p r e p a r a t i o n i s s i m i l a r t o w h e a t d u m p l i n g .
• P repare d o u g h w i t h s o r g h u m f l o u r a n d c o l d w a t e r o r h o t w a t e r .
• Take a s m a l l p i ece o f d o u g h a n d r o l l i t u s i n g a r o l l i n g p i n i n t o a r o u n d f l a t
shape ( 8 - 1 0 c m i n d i a m e t e r ) .
• P repa re f i l l i n g w i t h va r ious vegetables , m e a t a n d seasoning.
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• M a k e d u m p l i n g s b y p l a c i n g t h e f i l l i n g i n t h e f l a t d o u g h a n d c o v e r i n g t h e
f i l l i n g .
• C o o k or s t eam as d e s i r e d .
Leavened cake.
• B l e n d s o r g h u m f l o u r ( 5 kg) w i t h w a t e r ( a p p r o x i m a t e l y 3 L ) , t h e n leaven i t .
• A d d a p p r o p r i a t e dose o f s o d i u m b i c a r b o n a t e a n d m i x t h o r o u g h l y .
• P u t t h e d o u g h i n a s t e a m i n g b o x , 6 - 7 c m t h i c k , a n d s t e a m .
Steamed twisted vegetable-sorghum flour roll.
• Prepare d o u g h w i t h s o r g h u m f l o u r .
• Prepare vege tab le f i l l i n g .
• R o l l t h e d o u g h t o a b o u t 2 - 3 m m t h i n p ieces .
• S p r e a d a l ayer of o i l and vege tab le f i l l i n g .
• Ro l l u p t h e d o u g h , c u t i n t o segments w i t h f i l l i n g a n d t h e n s t e a m.
Baked foods 
Batter cake.
B a t t e r cake i s one o f t h e m o s t p o p u l a r foods i n C h i n a . T h e i n g r e d i e n t s u s e d
are: 5 kg p o l i s h e d s o r g h u m gra in , 0 .25 kg ma ize (Zea mays) f l ou r , a l i t t l e
soybean (Glycine max) f l o u r , a l i t t l e c o o k e d r i ce a n d 3.5 L w a t e r . T h e
p r e p a r a t i o n process i nvo lves t h e f o l l o w i n g steps:
• Soak p o l i s h e d s o r g h u m g ra in i n w a t e r o v e r n i g h t a n d d i s ca rd t h e w a t e r .
• M i x soaked g ra in w i t h o t h e r i n g r e d i e n t s .
• G r i n d w i t h m i l l s t o n e i n t o a paste .
• Pre-heat a cake p a n a n d sp read a l aye r of o i l .
• Take a scoop o f paste o n t o t h e p r e - h e a t e d cake pan , a n d t h e n s w i f t l y e x t e n d
i t o n t h e f u l l surface .
• A f t e r 1-2 m i n u t e s , t h e cake i s ready f o r ea t ing , e i t h e r p l a i n o r w i t h f i l l i n g .
Traditional secondary products of sorghum grain
Chinese liquor 
C h i n a has t housands o f years o f h i s t o r y i n p r o d u c i n g l i q u o r w i t h s o r g h u m ; a 
cha rac t e r i s t i c t as te has b e e n f o r m e d since a l o n g t i m e . E x p e r i e n c e o f l i q u o r
m a k i n g shows t h a t o n l y s o r g h u m gra in can t u r n o u t h ighes t q u a l i t y l i q u o r . A l l
f a m o u s C h i n e s e l i q u o r s are p r o d u c e d b y us ing s o r g h u m a s m a i n r a w m a t e r i a l .
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I n r e c e n t years , a r o u n d 2 .6 m i l l i o n t o f s o r g h u m has b e e n u s e d a n n u a l l y t o
p r o d u c e l i q u o r . T h u s , s o r g h u m has p l a y e d a n i m p o r t a n t r o l e n o t o n l y i n
r e v e n u e b u t also i n p r o v i d i n g e m p l o y m e n t . I t i s e s t i m a t e d t h a t t h e r e are a b o u t
4 0 , 0 0 0 b r e w e r i e s across C h i n a , w h i c h e m p l o y m o r e t h a n t w o m i l l i o n w o r k e r s ,
m o s t o f t h e m f a r m e r s .
T h e f o l l o w i n g character is t ics o f s o r g h u m m a k e i t a n idea l r a w m a t e r i a l t o
p r o d u c e h i g h q u a l i t y l i quo r : (1 ) h i g h s tarch con ten t ; (2 ) t a n n i n and an thocyan in
c o u l d be t u r n e d i n t o fragrant a roma t h a t i s character is t ic i n t h e l iquors ; and
(3) c rushed s o r g h u m grain remains loose after cook ing , w h i c h i s g o o d fo r
p r o d u c t i o n .
T h r o u g h years o f p r a c t i c e , C h i n e s e l i q u o r s have b e e n m a d e w i t h
d i f f e r e n t spec ia l t e c h n o l o g i e s , b y w h i c h d i f f e r e n t f l a v o r a n d b r a n d t y p e s o f
p r o d u c t s have b e e n f o r m e d . T h e m o s t f a v o r i t e b r ands are: M a o t a i , W u l i a n g y e ,
F e n j i u , L u z h o u l a o j i a o , Yanghe , J i a n n a n c h u n a n d D o n g j i u . T h e fea tures o f f o u r
t o p b rands o f l i q u o r s are d i scussed .
M a o t a i . M a o t a i i s w e l l k n o w n a t h o m e a n d a b r o a d . T h e ea r l i e s t b r e w e r y was
b u i l t i n 1 7 0 4 . I t u s e d t o b e a n a t i o n a l l i q u o r se rved a t r e c e p t i o n s o f sen ior
f o r e i g n guests . I t i s m a d e w i t h l o c a l s o r g h u m a s m a i n r a w m a t e r i a l , t h r o u g h
f e r m e n t a t i o n u s i n g w h e a t s ta r te r . M a o t a i i s sauce-f ragrant t y p e w i t h
c o m p l i c a t e d a r o m a c o m p o n e n t s ; t o t a l a l d e h y d e c o n t e n t i s h i g h e r t h a n o t h e r
f a m o u s b r a n d l i q u o r s a n d a l c o h o l c o n t e n t i s a r o u n d 5 3 % ( v / v ) .
W u l i a n g y e . W u l i a n g y e l i q u o r i s b e i n g p r o d u c e d f o r m o r e t h a n 1 0 0 0 years . I t i s
m a d e f r o m s o r g h u m m i x e d w i t h r i c e , s t i c k y r i c e , w h e a t a n d m a i z e t h r o u g h
f e r m e n t a t i o n f o r a l o n g p e r i o d o f 7 0 - 9 0 days . T h e f e r m e n t a t i o n silos n o w u s e d
w e r e b u i l t d u r i n g M i n g dynas ty . T h i s l i q u o r has e x c e l l e n t q u a l i t y w i t h specia l
f l a v o r a n d co lo r . I t tastes p u r e m e l l o w a n d i s s w e e t a n d r e f r e sh ing . I t be longs
t o s t r o n g f r ag ran t t y p e w i t h h i g h c o n t e n t o f e t h y l b u t y r a t e .
F e n j i u . F e n j i u l i q u o r i s b e i n g p r o d u c e d f o r m o r e t h a n 1 5 0 0 years . I t i s m a d e
w i t h l o c a l c o m m o n s o r g h u m a s r a w m a t e r i a l , u s i n g b a r l e y ( H o r d e u m vulgare) 
or pea (Pisum sativum) s ta r te r . T h e m a i n a r o m a c o m p o n e n t i s e t h y l succ ina t e
( 1 . 3 6 m g 1 0 0 m l - 1 , t h r i c e a s h i g h a s i n M a o t a i ) . F e n j i u i s co lor less , f r ag ran t a n d
r e f r e s h i n g . I t be longs t o t r a d i t i o n a l d e l i c a t e f r ag ran t t y p e .
L u z h o u l a o j i a o . L u z h o u l a o j i a o l i q u o r i s b e i n g p r o d u c e d f o r m o r e t h a n 4 0 0
years . I t i s m a d e f r o m s t i c k y ( g l u t i n o u s ) s o r g h u m u s i n g w h e a t s tar ter , a n d
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f i l l i n g w i t h r i c e husk . I t i s s t r o n g m e l l o w t y p e w i t h m a i n a r o m a c o m p o n e n t o f
e t h y l hexanoa t e . I t i s c o o l a n d r e f r e sh ing , w i t h s t r o n g app le f ragrance.
Vinegar
V i n e g a r i s a t r a d i t i o n a l c o n d i m e n t i n C h i n a . I n s o u t h e r n C h i n a , e d i b l e v inegar
i s m a d e f r o m s t i c k y r i c e . I n t h e n o r t h , e d i b l e v inegar i s usua l ly m a d e f r o m
cereals . S o r g h u m i s one o f t h e bes t r a w m a t e r i a l s . S o r g h u m vinegar i s v e r y
p o p u l a r i n n o r t h e r n C h i n a .
Kaoliang Yi (caramel) 
K a o l i a n g Y i i s c a r a m e l m a d e f r o m s o r g h u m s t a r c h a n d sugar. I t i s a t r a d i t i o n a l
s o r g h u m f o o d .
Alternative commercial products of sorghum grain
Chinese sorghum beer
C h i n e s e s o r g h u m beer was f i r s t m a d e w i t h s o r g h u m a s m a i n r a w m a t e r i a l i n
t h e I n s t i t u t e o f S o r g h u m , S h a n x i A c a d e m y o f A g r i c u l t u r a l Sciences i n ea r ly
1980s based o n t r a d i t i o n a l t e c h n o l o g y f o r ba r l ey beer. A m i n o a c i d c o n t e n t i n
s o r g h u m beer i s h i g h e r t h a n c o m m o n beer, espec ia l ly l y s ine c o n t e n t , w h i c h i s
3 0 % h i g h e r t h a n c o m m o n beer. T o t a l sugar a n d l a c t o f l a v i n c o n t e n t s are same
a s c o m m o n beer, w i t h f l avo r t y p i c a l o f c o m m o n beer.
Popped food
P o p p e d s o r g h u m i s a n e w l y d e v e l o p e d f o o d i n r e c e n t years . C r i s p a n d p o p p e d
s o r g h u m m a d e w i t h spec ia l p o p p i n g m a c h i n e i s p o p u l a r .
Sorghum pigment
S o r g h u m p i g m e n t ( r e d ) i s c h e m i c a l l y a d e r i v a t i v e o f f l a v o n e - l i k e c o m p o u n d ,
w h i c h i s a n a t u r a l p i g m e n t w i t h n o t o x i c i t y o r f l avor . U s u a l l y i t i s a r e d p o w d e r
o r l u m p y s o l i d , a n d can also b e p rocessed i n t o l i q u i d o r paste a s n e e d e d . I t can
b e d i s s o l v e d i n w a t e r . S o r g h u m p i g m e n t can b e w i d e l y u sed f o r c o l o r i n g
processed m e a t a n d f i s h , soybean p r o d u c t s , cake, d r i n k s , candy, m e d i c a l
capsules, e t c .
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Potential for commercializing alternative sorghum
grain products
Sorghum beer
T h e r e i s a grea t p o t e n t i a l f o r t h e d e v e l o p m e n t o f s o r g h u m beer. Beer i s
b e c o m i n g inc reas ing ly p o p u l a r i n C h i n a w i t h t h e i m p r o v e m e n t o f l i v i n g
s t a n d a r d . B u t i n r e c e n t years , bar ley, m a i n l y i m p o r t e d , has b e e n used i n bee r
p r o d u c t i o n . T h e cos t o f bee r p r o d u c t i o n i s inc reas ing , w h i c h has a f f e c t e d bee r
m a r k e t . Research has s h o w n t h a t s o r g h u m can s u b s t i t u t e bar ley, k e e p i n g f l avo r
s i m i l a r t o c o m m o n beer b u t w i t h h i g h e r n u t r i t i o n . S o r g h u m i s m u c h cheape r
t h a n bar ley, s o i t c o u l d b e p r e d i c t e d t h a t s o r g h u m beer w o u l d have a grea t
p o t e n t i a l i n t h e f u t u r e .
Sorghum pigment
S o r g h u m p i g m e n t has b e e n u s e d i n f o o d i n d u s t r y a n d p a r a m e d i c a l
i n d u s t r y . Because i t c an b e p r o d u c e d w i t h s i m p l e t e c h n o l o g y , t h e
p r o d u c t i o n c o s t i s r e l a t i v e l y l o w . S o r g h u m p i g m e n t i s a n a t u r a l p r o d u c t
w i t h n o t o x i c i t y a n d n o s ide e f f e c t . S o i t i s m o r e p o p u l a r t h a n a r t i f i c i a l l y
s y n t h e s i z e d p i g m e n t s .
Institutional alliances necessary for technology
up-scaling
Because s o r g h u m has n o t d r a w n as m u c h a t t e n t i o n a s r i ce a n d w h e a t ,
i n s t i t u t i o n a l a l l iances b e c o m e m o r e i m p o r t a n t f o r research a n d t e c h n o l o g y u p -
sca l ing . I n C h i n a , a n i n s t i t u t e a l l i ance has b e e n f o r m e d s ince 1960s . Research
f u n d m a i n l y c o m e s f r o m t h e g o v e r n m e n t , w i t h a l i m i t e d p r o p o r t i o n c o m i n g
f r o m i n d u s t r i e s . F u n d shor tage has a f f e c t e d t h e r o u t i n e research w o r k o n
s o r g h u m .
Because s o r g h u m i s n o t a s p o p u l a r a s r i c e a n d w h e a t , a n d seed
c o m p a n i e s are r e l u c t a n t t o m a n a g e s o r g h u m seed, i t i s n o t easy f o r f a r m e r s
t o ge t n e w s o r g h u m v a r i e t i e s o r r e l e v a n t t e c h n o l o g i e s t h a t are d e s i r e d .
S o m e t i m e s r e sea r ch r e s u l t s c a n n o t m e e t r e q u i r e m e n t s o f w i n e r y . S o i t i s
necessary t o e s t a b l i s h a c o a l i t i o n o f r e s e a r c h i n s t i t u t e s , p r o d u c e r s a n d
p r o c e s s i n g c o m p a n i e s .
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Significance for improved livelihood and income
generation
I n t h e past , s o r g h u m was g r o w n m a i n l y f o r s taple f o o d . B u t n o w i t i s a n
i m p o r t a n t i n d u s t r i a l c r o p a n d p e o p l e c o n s u m e i t a s h e a l t h y f o o d . A l t h o u g h i t
i s n o t a s p o p u l a r a s r i c e a n d w h e a t , i t s t i l l p lays an i m p o r t a n t r o l e in t h e
i m p r o v e m e n t o f l i v e l i h o o d s o f f a r m e r s i n t h e a r i d a n d s e m i - a r i d areas.
S o r g h u m has even b e c o m e a n e c o n o m i c m a i n s t a y i n some s o r g h u m - g r o w i n g
areas.
I n r e c e n t years, l oca l g o v e r n m e n t s i n some regions have a t t a c h e d m u c h
i m p o r t a n c e t o s o r g h u m p r o d u c t i o n d u e t o i ts h i g h y i e l d , res is tance t o d r o u g h t ,
a n d h i g h e r p r i c e t h a n m a i z e . For e x a m p l e , i n W a n z h o u d i s t r i c t a n d J iangj in
c i ty , S i c h u a n p r o v i n c e a n d X i n z h o u d i s t r i c t , S h a n x i p r o v i n c e , t h e loca l
g o v e r n m e n t s have p u t s o r g h u m p r o d u c t i o n o n t h e i r w o r k agenda. B u t
s o r g h u m p r o d u c t i o n i s far f r o m w h a t i t s h o u l d be . T o p r o m o t e i t s
d e v e l o p m e n t , w i d e i n t e r n a t i o n a l c o o p e r a t i o n i s n e e d e d i n b r e e d i n g , c r o p
p r o d u c t i o n a n d d e v e l o p i n g n e w p r o d u c t s .
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Alternat ive Uses of Cereals - M e t h o d s and
Feasibility: Pakistani Perspective
SR Chughtai, J Fateh, MH Munawwar, M Aslam and HN Malik1
Abstract
The six cereals produced in Pakistan are wheat, rice, maize, sorghum, millet and 
barley. Wheat is in the leading position while sorghum and millet rank fourth and 
fifth, respectively. Sorghum and millet contribute 3% in area and less than 1 % in 
total cereal production. In the dryland areas, however, they are the leading food and 
fodder crops. Sorghum production remained unchanged while its area slightly 
declined in the last two decades. Millet area and production also slightly declined. 
The yields have shown marginal improvements. Sorghum is mainly consumed as a 
food grain (87%) while only 5% of it goes into feed. Sorghum is the most important 
summer fodder crop with increasing importance in the irrigated areas near towns. 
Millet is also an important fodder crop specially in the dryland areas. About 45% of 
millet is used in human food while about 50% is used in rural poultry and cattle 
feeding but not in commercial poultry rations. Both the commodities are utilized at 
the village level and are not industrially processed, and thus have no alternative 
uses. The fodder utilization of both can be improved further provided ensilage is 
adopted by the rural farmers. With the current level of production and utilization in 
Pakistan, there is not much scope of industrial processing and non-conventional 
utilization of sorghum and millet in the near future. They will continue to play a 
significant role in fulfilling the food, feed and fodder requirements in the dryland 
areas. Therefore, they deserve more attention by researchers, extension workers and 
policy makers. 
In Pak is tan , s ix cereals are p r o d u c e d . W h e a t (Triticum aestivum) i s in t h e
l e a d i n g p o s i t i o n f o l l o w e d by r i c e (Oryza sativa) a n d m a i z e (Zea mays) 
(Table 1 ) . S o r g h u m (Sorghum bicolor) a n d m i l l e t r a n k f o u r t h a n d f i f t h ,
r e spec t ive ly . I n t h e s e m i - a r i d reg ions , these are t h e m o s t i m p o r t a n t s tap le
f o o d s . Because o f t h e i r a b i l i t y t o g r o w i n ha r sh e n v i r o n m e n t s w h e r e o t h e r
c rops d o n o t g r o w w e l l o r p r o d u c e p o o r y i e l d s , t h e y w i l l c o n t i n u e t o
s i g n i f i c a n t l y c o n t r i b u t e t o t h e h o u s e h o l d f o o d s e c u r i t y a n d n u t r i t i o n o f t h e
i n h a b i t a n t s o f t hese areas. T h e s e c r o p s are s t i l l t h e p r i n c i p a l sources o f
energy, p r o t e i n , v i t a m i n s a n d m i n e r a l s f o r m i l l i o n s o f t h e p o o r e s t a n d t h e
1. I n s t i t u t e o f F i e l d & H o r t i c u l t u r a l C r o p s , N a t i o n a l A g r i c u l t u r a l Research C e n t r e ,
I s lamabad , Pakis tan .
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Table 1 . A r e a , p roduct ion a n d y ie ld o f t h e cerea ls g r o w n in Pak is tan in 2 0 0 2 .
Cereal
Wheat
Rice
Maize
Sorghum
Millet
Barley
Total
Area
('000 ha)
7983
2040
992
357
417
107
11846
Share in
total
area (%)
67.39
17.22
7.95
3.01
3.52
0.90
Production
('000 t) 
18475
5776
1664
222
216
92
26445
Share in
total
production (%)
69.86
21.84
6.29
0.84
0.82
0.35
Yield
(kg ha 1 )
2314
2831
1766
632
531
860
m o s t f o o d - i n s e c u r e p e o p l e i n these areas. T h e r e f o r e , i m p r o v e m e n t s i n
p r o d u c t i o n , u t i l i z a t i o n a n d o t h e r aspects o f these p o o r peop le ' s c rops w i l l
s i g n i f i c a n t l y i m p r o v e t h e l i v e l i h o o d o f m a n y s m a l l h o l d e r f a r m e r s i n t h e l o w
r a i n f a l l a n d d r o u g h t - a f f e c t e d agro-ecoregions i n Pak is tan a n d o t h e r s i m i l a r
reg ions . T h i s pape r p resen ts a n o v e r v i e w o f t h e p r o d u c t i o n a n d u t i l i z a t i o n o f
cereals i n Pakis tan w i t h specia l r e f e r e n c e t o s o r g h u m a n d m i l l e t . I t also
re f l ec t s o n t h e a l t e r n a t i v e uses o f these cereals i n Pakis tan .
Area and production trends
L i k e m a n y d e v e l o p i n g c o u n t r i e s , t h e avai lable da ta o n p r o d u c t i o n a n d
u t i l i z a t i o n o f s o r g h u m a n d m i l l e t i n Pakis tan are less accura te because these
are p r i m a r i l y g r o w n i n o u t l y i n g areas a s subs is tence c rops . A l s o , i n t h e h o t
a n d d r y agro-ecoregions , t h e y are g r o w n a s d u a l - p u r p o s e c rops , w h e r e b o t h
gra in a n d s tover are h i g h l y v a l u e d o u t p u t s . T h i s f u r t h e r c o m p l i c a t e s t h e
s i t u a t i o n m a k i n g i t even d i f f i c u l t t o accu ra t e ly r e c o r d t h e g r a i n a n d f o d d e r
p r o d u c t i o n o f these t w o c rops . Because o f t h e i r least c o n t r i b u t i o n i n t o t a l
cereal p r o d u c t i o n , n o spec i f ic surveys have b e e n c o n d u c t e d f o r accura te
e s t i m a t i o n o f t h e area, p r o d u c t i o n , p r o d u c t i v i t y a n d u t i l i z a t i o n .
S o r g h u m , l o c a l l y k n o w n as jowar, is an i m p o r t a n t kharif ( r a i n y ) season
c r o p g r o w n i n m o s t d i s t r i c t s s o u t h o f l a t i t u d e 3 4 ° N . I t i s p a r t i c u l a r l y
i m p o r t a n t i n t h e d i s t r i c t s o f D G K h a n , R a h i m Yar K h a n , R a w a l p i n d i , A t t o c k
a n d J e h l u m ( P u n j a b ) ; Sukkar , K h a i r p u r , D a d u , N a w a b s h a h a n d Sanghar
( S i n d h ) ; N a s i r a b a d , Lasbela , K a c c h i , Ka l a t a n d S i b b i ( B a l u c h i s t a n ) ; a n d D I
K h a n , B a n n u a n d K o h a t ( N W F P ) ( K a m b a l 1 9 8 8 ) . G r a i n s o r g h u m i s g r o w n
o n 3 7 5 , 0 0 0 h a o f l a n d w i t h a t o t a l p r o d u c t i o n o f 2 2 2 , 0 0 0 t a n d a n average
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y i e l d o f 6 3 2 k g h a - 1 ( F A O 2 0 0 2 ) . S o r g h u m p r o d u c t i o n i n Pak is tan has l i t e r a l l y
r e m a i n e d u n c h a n g e d d u r i n g t h e last t w o decades (F ig . 1 ) . D u r i n g t h e same
p e r i o d , s o r g h u m area has d e c l i n e d f r o m 3 9 0 , 0 0 0 t o 3 5 0 , 0 0 0 ha. S o r g h u m
yie ld s have s h o w n signs o f m a r g i n a l increase f r o m 5 6 9 t o 6 2 2 k g ha"1 i n t h e last
t w o decades ( A n o n y m o u s 1 9 8 1 - 2 0 0 2 ) .
M i l l e t i s g r o w n i n Pak is tan o n a n area o f 4 1 7 , 1 0 0 ha, w i t h a t o t a l
p r o d u c t i o n o f 2 1 6 , 4 0 0 t , and a y i e l d o f 5 1 9 k g h a - 1 (F ig . 2 ) ( F A O 2 0 0 2 ) .
M i l l e t i n Pakis tan i s a d o m i n a n t c r o p i n t h e d i s t r i c t s o f T h a r p a r k e r , Sanghar
a n d H y d e r a b a d ( S i n d h ) , D I K h a n a n d K a r a k ( N W F P ) ; D G K h a n , Sargodha
a n d R a w a l p i n d i ( P u n j a b ) ; a n d K a c c h i , S i b b i a n d G o w a d e r ( B a l u c h i s t a n ) .
D u r i n g t h e last t w o decades , m i l l e t area a n d p r o d u c t i o n have s h o w n a s l i gh t
d e c l i n e f r o m 4 3 8 , 0 0 0 t o 4 1 8 , 0 0 0 h a a n d 2 2 0 , 0 0 0 t o 2 1 6 , 0 0 0 t , r e spec t ive ly .
T h e y i e l d s d u r i n g t h e same p e r i o d s l i g h t l y i m p r o v e d f r o m 5 0 2 t o 5 1 7 k g h a - 1
( A n o n y m o u s 1 9 8 1 - 2 0 0 2 ) .
T h e c o n t r i b u t i o n o f b o t h s o r g h u m a n d m i l l e t t o w a r d s t o t a l cereal
p r o d u c t i o n in Pakis tan has been p rog res s ive ly decreas ing . T h i s i s i n c o n t r a s t
t o annua l increases i n t h e area, p r o d u c t i o n a n d p r o d u c t i v i t y o f o t h e r m a j o r
cereals, i e , w h e a t , r i c e a n d m a i z e ( F i g . 3 ) ( A n o n y m o u s 1 9 8 1 - 2 0 0 2 ) .
Figure 1. Trends in area, production and yield of sorghum in Pakistan. 
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Figure 2. Trends in area, production and yield of millet in Pakistan. 
Figure 3. Trends in area, production and yield of maize in Pakistan. 
213
1980-85 1 9 8 5 - 9 0 1990-95 1995-00 2 0 0 0 - 0 1 2001 -02
Years
700
600
500
400
300
200
100
0
1980-85 1985-90 1990-95 1995-00 2000-01 2001-02
Years
Area ('000 ha)
Production ('000 t)
Yield (kg ha-1)
Area ('000 ha)
Production ('000 t)
Yield (kg ha-1)
2000
1800
1600
1400
1200
1000
800
600
400
200
0
214
C u r r e n t l y s o r g h u m a n d m i l l e t , each c o n t r i b u t e a b o u t 3 % o f t h e ce rea l area
a n d s l i g h t l y less t h a n 1 % o f ce rea l p r o d u c t i o n (Table 1 ) .
T h u s , w i t h m a r g i n a l y i e l d i m p r o v e m e n t s a n d s l i g h t l y d e c l i n i n g areas,
t h e t o t a l p r o d u c t i o n o f s o r g h u m a n d m i l l e t i n Pakis tan i s s tagnant . D u e t o t h e
i m p r o v e m e n t s i n t h e c o m p e t i n g c rops espec ia l ly m a i z e , p r o d u c t i o n o f
s o r g h u m a n d m i l l e t i s s h i f t i n g t o m o r e m a r g i n a l areas w h e r e subs is tence
n a t u r e o f these c r o p s f u r t h e r l i m i t s t h e i m p r o v e m e n t i n p r o d u c t i o n .
P r o d u c t i o n a n d p r o d u c t i v i t y o f s o r g h u m a n d m i l l e t are l i k e l y t o i m p r o v e i n
t h e near f u t u r e i n Pak is tan , u n t i l a n d unless m o r e e f f o r t s o n re sea rch a n d
e x t e n s i o n are m a d e . T h e t r e n d has t o b e c h a n g e d i n t h e p o s i t i v e d i r e c t i o n i f
t h e f o o d s e c u r i t y a n d n u t r i t i o n a l levels a n d t h e l i v e l i h o o d o f t h e s m a l l p o o r e s t
f a r m e r s i n t h e h o t a n d d r y agro-ecoreg ions o f t h e c o u n t r y are t o b e
i m p r o v e d .
Utilization
Cerea l s are m a i n l y u s e d a s h u m a n f o o d i n Pak i s tan (Table 2 ) . C e r e a l grains a n d
g r e e n a n d d r y f o d d e r are also u s e d i n l i v e s t o c k f e e d i n g .
Human food
W h e a t i s t h e m o s t i m p o r t a n t ce rea l i n Pakis tan because i t i s t h e s taple f o o d
a n d i s t h e largest cerea l c r o p i n t e r m s o f i t s p r o d u c t i o n . T h e average w h e a t
c o n s u m p t i o n a s f o o d was 1 0 m i l l i o n t i n 1 9 8 1 - 8 5 a n d inc reased t o 1 9 m i l l i o n
t i n 1 9 9 5 - 2 0 0 0 . T h e o v e r a l l g r o w t h r a t e o f w h e a t ( 1 9 8 1 - 2 0 0 0 ) i n f o o d was
4 . 2 8 % . A b o u t 9 1 % o f w h e a t i s u s e d f o r f o o d w h i l e t h e r e m a i n i n g 9 % i s u s e d
f o r f e e d a n d o t h e r uses (Table 2 ) . Per cap i t a c o n s u m p t i o n o f w h e a t
p rog re s s ive ly i nc r ea sed f r o m 113 k g i n 1 9 8 1 - 8 5 t o 1 4 4 k g i n 1 9 9 5 - 2 0 0 0
( A n o n y m o u s 1 9 8 1 - 2 0 0 2 ) .
F o o d c o n s u m p t i o n o f m a i z e i n Pakis tan was 5 7 , 0 0 0 t i n 1 9 8 1 - 8 5 w h i c h
i n c r e a s e d t o 9 0 7 , 0 0 0 t i n 1 9 9 6 - 2 0 0 0 w i t h a n o v e r a l l g r o w t h ra t e o f 2 . 9 7 % .
Per c a p i t a c o n s u m p t i o n o f m a i z e inc reased f r o m 6 k g i n 1 9 8 1 - 8 5 t o 7 k g i n
1 9 9 6 - 2 0 0 0 ( A n o n y m o u s 1 9 8 1 - 2 0 0 2 ) .
F o o d c o n s u m p t i o n o f s o r g h u m i n Pak is tan was 1 9 0 , 0 0 0 t i n 1 9 8 1 - 8 5
w h i c h s l i g h t l y i nc reased t o 2 0 0 , 0 0 0 t i n 1 9 9 6 - 2 0 0 0 . T h e share o f s o r g h u m i n
f o o d a l m o s t r e m a i n e d s tagnant ( 8 6 - 8 7 % ) d u r i n g t h e pas t t w o decades b u t
has r e c e n t l y d e c l i n e d ( - 2 . 5 4 ) . C o n s e q u e n t l y , p e r c a p i t a c o n s u m p t i o n o f
s o r g h u m dec reased f r o m 2 k g i n 1 9 8 1 - 8 5 t o 1.5 k g i n 1 9 9 6 - 2 0 0 0
Table 2. Consumption ('000 t) of cereals in Pakistan.
Year
Wheat
1981-85
1986-90
1991-95
1996-2000
Growth rate (%)
(1981-2000)
Maize
1981-85
1986-90
1991-95
1996-2000
Growth rate (%)
(1981-2000)
Sorghum
1981-85
1986-90
1991-95
1996-2000
Growth rate (%)
(1981-2000)
Millet
1981-85
1986-90
1991-95
1996-2000
Growth rate (%)
(1981-2000)
Total
11283
13582
16607
20739
4.22
988
1126
1226
1565
2.90
220
229
235
231
0.47
250
206
181
178
-2.0
Food (%)
10051 (89.08)1
12248(90.18)
15086(90.84)
18915(91.20)
4.28
570 (57.69)
662 (58.79)
722 (58.89)
907 (57.96)
2.97
190(86.36)
198(86.46)
204(86.81)
200 (86.58)
0.48
107(42.80)
87 (42.23)
76(41.99)
74(41.57)
-2.2
Feed (%)
231 (2.05)
260(1.91)
314(1.89)
385(1.86)
3.41
197(19.94)
226 (20.07)
244(19.90)
344(21.98)
3.45
11.2(5.09)
11.4(4.98)
11.8(5.02)
11.6(5.02)
0.31
125(50.00)
103(50.00)
91 (50.28)
89 (50.00)
2.11
Others (%)
1001 (8.87)
1074(7.91)
1207 (7.27)
1438(6.93)
2.10
220 (22.27)
238(21.14)
260(21.21)
314(20.06)
2.27
19.2(8.73)
19.4(8.47)
19.2(8.17)
19.0 (8.23)
-0.46
19.0(7.56)
15.8(7.67)
13.8(7.62)
15.0(8.15)
-1.5
1. Percentage values are given in parentheses.
( A n o n y m o u s 1 9 8 1 - 2 0 0 2 ) . T h e t r a d i t i o n a l use o f s o r g h u m f l o u r f o r f o o d
purposes i s m a i n l y in t h e f o r m o f roti o r chapati ( u n l e a v e n e d f l a t b r e a d ) . I t i s
e s t i m a t e d t h a t a s i n I n d i a ( M u r t y a n d S u b r a m a n i a n 1 9 8 2 ) a b o u t 7 0 % o f t h e
s o r g h u m g r o w n i n Pak is tan c o u l d also b e u s e d f o r m a k i n g roti. 
S o r g h u m f l o u r can b e b l e n d e d w i t h w h e a t f l o u r u p t o 1 0 % w i t h o u t
se r ious ly a f f e c t i n g t h e b a k i n g q u a l i t y o f t h e c o m p o s i t e f l o u r . S u c h b l e n d i n g
c o u l d h e l p i n easing t h e f o o d s i t u a t i o n i n t h e c o u n t r y a n d h e l p t o save t h e
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w h e a t f o r e x p o r t pu rposes . I n pa r t s o f S i n d h a n d Punjab , s o r g h u m grains are
p o p p e d a n d s o m e t i m e s m i x e d w i t h r a w sugar a n d u s e d a s snacks ( K a m b a l
1 9 8 8 ) .
F o o d use o f m i l l e t i n Pakis tan was 1 0 7 , 0 0 0 1 i n 1 9 8 1 - 8 5 a n d d e c l i n e d t o
7 4 , 0 0 0 t i n 1 9 9 6 - 2 0 0 0 (Table 2 ) . T h e share o f m i l l e t a s f o o d r anged f r o m 4 2
t o 4 4 % o f i t s t o t a l c o n s u m p t i o n d u r i n g t h e past t w o decades . T h e pe r cap i t a
c o n s u m p t i o n o f m i l l e t has s i g n i f i c a n t l y d e c l i n e d f r o m 1.2 k g i n 1 9 8 1 - 8 5 t o
0 .4 k g i n 1 9 9 6 - 2 0 0 0 ( A n o n y m o u s 1 9 8 1 - 2 0 0 2 ) . S o r g h u m a n d m i l l e t are
b o t h u s e d b y t h e r u r a l c o m m u n i t y a s p a r t o f t h e i r f o o d . A decrease i n t h e p e r
cap i t a c o n s u m p t i o n m a y b e d u e t o t h e p r e f e r e n c e o f p e o p l e i n Pakis tan t o use
m o r e w h e a t i n t h e i r d i e t s .
Animal feed
W h e a t , m a i z e , r i c e , s o r g h u m a n d m i l l e t are ba s i ca l l y g r o w n f o r h u m a n
d i e t a r y needs b u t t h e y are also u s e d a s a n i m a l f e e d . B e f o r e t h e d e v e l o p m e n t
o f c o m m e r c i a l p o u l t r y f e e d i n d u s t r y , t h e gra ins o f t he se c r o p s w e r e
b a s i c a l l y u s e d t o f e e d l i v e s t o c k a n d r u r a l p o u l t r y . H o w e v e r , w i t h t h e
a d v a n c e m e n t o f p o u l t r y i n d u s t r y , t h e g ra ins o f t he se c r o p s are b e i n g
e f f e c t i v e l y u t i l i z e d a s i n g r e d i e n t s o f c o m m e r c i a l r a t i o n s m o r e p r e c i s e l y i n
t h e p o u l t r y f e e d . M a i z e gra ins arc u s e d u p t o 4 0 % i n t h e p o u l t r y r a t i o n s .
H o w e v e r , w h e n t h e m a i z e p r i c e increases i t i s s u b s t i t u t e d w i t h o t h e r ce rea l
gra ins o r t h e i r b y p r o d u c t s . W h e a t i s also u s e d i n p o u l t r y f e e d i n g a n d i n
c o m m e r c i a l d a i r y f a r m i n g s y s t e m . H o w e v e r , w h e a t use i n p o u l t r y f e e d
f o r m u l a t i o n s does n o t e x c e e d 1 5 % because i t has adverse e f f e c t s o n egg
l a y i n g . S o r g h u m i s u s e d u p t o 5 % l e v e l i n c o m m e r c i a l p o u l t r y f e e d . M i l l e t s
are n o t u s e d i n c o m m e r c i a l p o u l t r y feeds b u t are u s e d f o r l i v e s t o c k f e e d i n g .
A l t h o u g h m i l l e d r i c e i s n o t i n c o r p o r a t e d i n t h e l i v e s t o c k a n d p o u l t r y
r a t i o n s , i t s b y p r o d u c t s ( r i c e b r a n , r i c e t i p s , r i c e p o l i s h ) are u t i l i z e d f o r
c o m m e r c i a l p o u l t r y a n d l i v e s t o c k feeds .
S ince t h e d e v e l o p m e n t o f l i v e s t o c k a n d p o u l t r y f e e d i n d u s t r i e s i n
Pak is tan i n t h e m i d - 1 9 7 0 s , t h e annua l use o f cereal grains i n f e e d inc reased a t
a r a t e o f 2 . 5 3 % a n d t h e i r b y p r o d u c t s a t a r a t e o f 3%. A l t h o u g h w h e a t i n f e e d
rep resen t s a s m a l l e r p r o p o r t i o n ( 2 % ) o f i t s t o t a l p r o d u c t i o n , i t i s s t i l l t h e
largest ce rea l g r a i n u t i l i z e d f o r t h i s p u r p o s e (Table 3 ) . W h e a t g ra in u s e d f o r
l i v e s t o c k f e e d was 2 3 1 , 0 0 0 1 i n 1 9 8 1 - 8 5 a n d inc reased t o 3 8 5 , 0 0 0 t i n 1 9 9 6 -
2 0 0 0 a t a n a n n u a l g r o w t h r a t e o f 3 . 4 1 % . T h e p r o j e c t e d f e e d use o f w h e a t i n
2 0 1 0 i s 6 5 4 , 0 0 0 t .
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M a i z e i s t h e s econd m o s t i m p o r t a n t cereal i n l i v e s t o c k f eed i n Pakis tan .
U t i l i z a t i o n o f m a i z e i n f e e d was 1 9 7 , 0 0 0 t i n 1 9 8 1 - 8 5 a n d inc reased t o
3 4 4 , 0 0 0 t i n 1 9 9 6 - 2 0 0 0 (Table 3 ) . T h e average annua l g r o w t h ra te o f ma i ze i n
f e e d ( 3 . 4 5 % ) i s t h e h ighes t a m o n g t h e cereals. I t s p r o j e c t e d d e m a n d f o r f eed i s
4 8 9 , 0 0 0 t f o r 2 0 1 0 . M a i z e i n l i v e s t o c k f e e d i s u sed u p t o 2 2 % o f i ts
p r o d u c t i o n . C u r r e n t l y , i n p o u l t r y f e e d r a t i ons , t h e cerea l c o m p o n e n t i s
c o m p o s e d o f 4 0 % ma ize , 4 0 % r i ce ( b y p r o d u c t s ) , 1 8 % w h e a t a n d 2 % s o r g h u m
w i t h n o m i l l e t a n d b a r l e y (Hordeum vulgare) i n c l u d e d i n c o m m e r c i a l p o u l t r y
r a t i ons ( M Sad iq , Sad iq B r o t h e r s Pou l t ry , R a w a l p i n d i , Pakis tan , pe rsona l
c o m m u n i c a t i o n ) .
M i l l e t i s t h e t h i r d m o s t i m p o r t a n t cereal i n l i v e s t o c k f e e d i n Pakis tan .
T h e use o f m i l l e t i n f e e d shows a c o n s t a n t l y d e c l i n i n g t r e n d . I n 1 9 8 1 - 8 5 ,
1 2 5 , 0 0 0 t o f m i l l e t was u s e d i n f e e d w h i l e i n 1 9 9 6 - 2 0 0 0 o n l y 8 9 , 0 0 0 t was
u s e d (Table 3 ) . I t is e s t i m a t e d t h a t t h e use o f m i l l e t i n f e e d w i l l n o t increase i n
f u t u r e . T h u s , t h e p r o j e c t e d d e m a n d f o r m i l l e t i n f eed i s 8 9 , 0 0 0 t f o r 2 0 1 0 .
T h e use o f m i l l e t i n f e e d i s v e r y c o n v e n t i o n a l , and f o r t h e last t w o decades
5 0 % o f t h e m i l l e t p r o d u c e d has b e e n u t i l i z e d f o r t h i s p u r p o s e . I t i s a m a j o r
c o n t r i b u t o r i n t h e f e e d i n g o f r u r a l c a t t l e a n d p o u l t r y b u t i t i s n o t u s e d i n
c o m m e r c i a l p o u l t r y r a t ions . I n Pakis tan , m i l l e t i s t h e m o s t p o p u l a r b i r d seed
c o m m o n l y f e d t o p e t b i r d s .
S o r g h u m g ra in has b e e n c o n v e n t i o n a l l y u t i l i z e d f o r l i v e s t o c k f eed .
H o w e v e r , a v e r y s m a l l p o r t i o n o f t h e t o t a l s o r g h u m p r o d u c e ( a b o u t 5 % o r less)
goes i n t o t h e f e e d . T h e average s o r g h u m c o n s u m p t i o n i n f e e d was 1 1 , 2 0 0 t i n
1 9 8 1 - 8 5 w h i c h s l i g h t l y inc reased t o 1 1 , 6 0 0 t i n 1 9 9 6 - 2 0 0 0 w i t h a n average
g r o w t h ra te o f 0 . 3 1 % (Table 3 ) . A l s o , t h e p r o j e c t e d s o r g h u m d e m a n d f o r f e e d
f o r 2 0 1 0 i s o n l y 1 0 , 5 0 0 t w h i c h i s s l i g h t l y less t h a n i ts c u r r e n t u t i l i z a t i o n .
A m o n g t h e i n d u s t r i a l b y p r o d u c t s o f cereals , w h e a t a n d r i c e b rans , r i c e
t i p s a n d p o l i s h , m a i z e o i l cake a n d g l u t e n 2 0 % a n d g l u t e n 6 0 % are u s e d i n
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Table 3. Uti l izat ion ( '000 t) of cereal gra ins in l ivestock feed in Pak is tan .
Year
1981-85
1986-90
1991-95
1996-2000
Projected 2010
Growth rate (%) (1981-2000)
Wheat Maize
231 197
260 226
314 244
385 344
654 489
3.41 3 4 5
Millet Sorghum
125 11
103 11
91 12
89 12
89 11
2.11 0.31
Total
564
600
661
830
1243
2.53
l i v e s t o c k a n d p o u l t r y feeds (Rasoo l e t a l . 1 9 9 6 ) . T h e use o f a l l t he se
b y p r o d u c t s has b e e n i n c r e a s i n g a t a n average a n n u a l g r o w t h r a t e o f 2 t o 3 %
since e a r l y 1 9 8 0 s . T h i s t r e n d c o n t i n u e s a n d w i t h increase i n i n d u s t r i a l
p roces s ing o f t he se m a j o r cereals , t h e u t i l i z a t i o n o f t h e b y p r o d u c t s i s
e x p e c t e d t o inc rease . I n case o f r i c e , o n l y t h e i n d u s t r i a l b y p r o d u c t s a n d n o t
t h e g r a i n i t s e l f are u s e d i n l i v e s t o c k a n d p o u l t r y f e e d p r o d u c t s . S i n c e
s o r g h u m , m i l l e t a n d b a r l e y are c u r r e n t l y n o t i n d u s t r i a l l y p r o c e s s e d i n
Pak i s t an , t h e i r b y p r o d u c t s are n o t l i k e l y t o b e u t i l i z e d i n t h e f e e d i n d u s t r y i n
near f u t u r e .
Animal fodder
T h e s t o v e r o f s o r g h u m a n d m i l l e t , a f t e r t h e h a r v e s t o f g ra in s , i s u s e d a s a 
d r y f o d d e r , p a r t i c u l a r l y d u r i n g w i n t e r w h e n feeds are u s u a l l y scarce .
S t o v e r r e p r e s e n t s u p t o 5 0 % o f t h e t o t a l v a l u e o f t h e c r o p s a n d i t s v a l u e
a n d c o n t r i b u t i o n inc reases i n d r o u g h t yea r s . T h e p e r c e n t a g e o f t h e t o t a l
area o f s o r g h u m a n d m i l l e t d e v o t e d t o f o d d e r p r o d u c t i o n i s n o t k n o w n .
A c c o r d i n g t o s o m e e s t i m a t e s ( P A R C 1 9 7 7 ) , a t leas t 5 0 % o f t h e i r r i g a t e d
a n d 2 5 % o f t h e r a i n f e d s o r g h u m area i s h a r v e s t e d f o r f o d d e r b e f o r e t h e
g ra ins are f o r m e d . H o w e v e r , i t i s g e n e r a l l y b e l i e v e d n o w t h a t t h e area
h a r v e s t e d f o r f o d d e r i s i n c r e a s i n g r a p i d l y , p a r t i c u l a r l y nea r t o w n s . I n
a d d i t i o n , b o t h t h e s e c r o p s are s p e c i f i c a l l y g r o w n f o r p r o d u c t i o n o f g r e e n
f o d d e r . I n f a c t , s o r g h u m i s t h e m o s t i m p o r t a n t kharif f o d d e r c r o p i n
P a k i s t a n a n d i t s f o d d e r u t i l i z a t i o n i s i n c r e a s i n g p a r t i c u l a r l y i n i r r i g a t e d
areas nea r t o w n s ( T a b l e 4 ) .
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Table 4 . A r e a , p roduct ion a n d y ie ld of kharif f odder c r o p s in Pak is tan .
Crop
Sorghum
Millet
Guar
Maize
Moth
Others
Area
('000 ha)
515
105
311
48
1
45
Share in
total
area (%)
35.85
7.36
21.67
3.34
0.10
31.68
Fodder
production
('000 t) 
7877
758
3545
961
17
6997
Share in
total fodder
production (%)
39.08
3.75
17.58
4.76
0.10
34.71
Fodder
yield
(t ha-1)
15.29
7.21
11.38
19.96
12.15
15.37
Source: Coordinated Programme on Fodder Crops, National Agricultural Research Centre, Islamabad, Pakistan.
Large q u a n t i t i e s o f ma ize , s o r g h u m a n d m i l l e t c r o p res idues are avai lable
i n Pakis tan , w h i c h are o f g o o d n u t r i t i v e va lue a n d can b e b e t t e r u t i l i z e d b y
ens i l i ng . H o w e v e r , t h e t e c h n o l o g y o f m a k i n g silage i s c u r r e n t l y n o t i n p r a c t i c e .
A g r o - i n d u s t r i a l b y p r o d u c t s are i m p o r t a n t sources o f p r o t e i n s u p p l y b u t t h e i r
a v a i l a b i l i t y i s l i m i t e d a n d a m a j o r p a r t i s u s e d in p o u l t r y f e e d i n d u s t r y .
Forage s o r g h u m h y b r i d s have y i e l d e d u p t o 7 8 % h i g h e r green f o d d e r a n d
7 5 % h i g h e r d r y m a t t e r t h a n t h e i m p r o v e d o p e n - p o l l i n a t e d v a r i e t y ( H u s s a i n e t
a l . 1 9 9 6 ) . I m p r o v e d var ie t i e s o f s o r g h u m y i e l d u p t o t h r e e - f o l d h ighe r t h a n t h e
loca l v a r i e t y (Rasool e t a l . 1 9 9 6 ) . H o w e v e r , these var ie t ies and h y b r i d s c o u l d
n o t b e e x t e n d e d t o t h e f a r m e r s w h o s t i l l g r o w t h e c o n v e n t i o n a l l o w - y i e l d i n g
loca l landraces a n d va r ie t i e s .
Alternative uses
W h e a t , ma ize , s o r g h u m , m i l l e t and b a r l e y are u sed f o r f o o d , f eed a n d o t h e r
purposes . T h e b y p r o d u c t s f r o m w h e a t a n d r i ce are m a i n l y u s e d fo r l i v e s t o c k
f e e d i n g a n d also i n p o u l t r y f e e d i n g . M a i z e i s p rocessed i n w e t m i l l i n g
i n d u s t r i e s bas ica l ly t o p r o d u c e s ta rch f o r t e x t i l e i n d u s t r i e s . T h e o t h e r m a j o r
p r o d u c t s are l i q u i d glucose a n d c o o k i n g o i l . A m o n g o t h e r p r o d u c t s , ma i ze o i l
cakes a n d g l u t e n are u s e d i n c o m m e r c i a l p o u l t r y r a t i ons a n d i n l i v e s t o c k
f e e d i n g . S o r g h u m a n d m i l l e t are b o t h u t i l i z e d a t t h e v i l l age l eve l a n d t h u s n o
b y p r o d u c t s are p r o d u c e d . T h e c o n t r i b u t i o n o f cereals i n l i v e s t o c k f eed ing
ove r t h e last t w e n t y years r a n g e d f r o m 6 t o 9 % w h i l e i n p o u l t r y f eed i t r anged
f r o m 3 1 t o 3 4 % . T h u s , cereal grains are used m o r e i n p o u l t r y feeds t h a n i n
l i v e s t o c k feeds. T h e c o n t r i b u t i o n o f cereal grains espec ia l ly ma ize i n
c o m m e r c i a l p o u l t r y f e e d i s e x p e c t e d t o increase s ince w i t h i m p r o v i n g
i n c o m e s a n d l i f e s ty l e s , t h e p o u l t r y i n d u s t r y i s go ing t o f l o u r i s h i n f u t u r e a t a 
ra te o f 4 . 5 % annual ly . T h e r u m i n a n t f e e d c o n s u m p t i o n i n Pakis tan i s
p r o j e c t e d t o increase a n n u a l l y a t a ra te o f a b o u t 7 .0% b y 2 0 1 0 . H o w e v e r , t h e
c o n t r i b u t i o n o f cereals i n r u m i n a n t f e e d i n g i s p r o j e c t e d t o d e c l i n e t o a b o u t
2 % b y 2 0 1 0 .
V e r y i n s i g n i f i c a n t a m o u n t s o f m i l l e t are u sed i n b a k e r y p r o d u c t s i n
c o m b i n a t i o n w i t h o t h e r cereals. W i t h i m p r o v e m e n t s i n f l o u r process ing o f
s o r g h u m a n d m i l l e t , t h e i r n o n - c o n v e n t i o n a l u t i l i z a t i o n i n h u m a n f o o d , p e t
foods a n d h e a l t h foods m a y b e i n i t i a t e d . H o w e v e r , c u r r e n t l y n o n -
c o n v e n t i o n a l f o o d u t i l i z a t i o n a n d i n d u s t r i a l p rocess ing o f these cereals are
n o t feas ib le .
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Alternat ive Uses of Cereals - Methods and
Feasibility: Thai land Perspective
Prasit Jaisil1
Abstract
Methods and feasibility on alternative uses of sorghum in Thailand are discussed. 
The use of sweet sorghum for ethanol production is proposed. As sorghum is one of 
the most efficient crops in terms of producing fermentable sugars as well as grain, it 
is one of the most ideal crops for the simultaneous production of energy and food. 
Technology for ethanol production adapted from the sugarcane industry can be 
utilized almost directly to produce ethanol from sweet sorghum. Comparative 
studies on various raw materials available in Thailand for ethanol production are 
analyzed. Minor uses of various types of sorghum are also discussed. 
S o r g h u m (Sorghum bicolor) i s an i m p o r t a n t cerea l c r o p g r o w n in T h a i l a n d a n d
ranks t h i r d f o l l o w i n g r i c e (Oryza sativa) a n d m a i z e (Zea mays). I t is
c u l t i v a t e d f o r i t s g r a in a n d p r i m a r i l y u s e d f o r a n i m a l f e e d i n g . I n 2 0 0 2 , t o t a l
p r o d u c t i o n o f s o r g h u m i n T h a i l a n d was 3 0 0 , 0 0 0 t f r o m a n area o f a b o u t
1 6 0 , 0 0 0 ha; t h e y i e l d was a b o u t 1,875 k g ha"1 ( F A O 2 0 0 2 ) .
T h e r e are f o u r classes o f s o r g h u m c o m m o n l y g r o w n i n T h a i l a n d :
g r a i n s o r g h u m , f o d d e r s o r g h u m , s w e e t s o r g h u m a n d b r o o m c o r n . M a j o r
e m p h a s i s i s o n g r a i n s o r g h u m p r o d u c t i o n . T h i s p a p e r focuses o n t h e
a l t e r n a t i v e uses o f s o r g h u m as a r e n e w a b l e r e s o u r c e f o r e t h a n o l
p r o d u c t i o n a n d t h e p o t e n t i a l o f g r o w i n g s w e e t s o r g h u m a s a n a l t e r n a t i v e
cash c r o p f o r T h a i f a r m e r s . O t h e r uses o f v a r i o u s t y p e s o f s o r g h u m are
also d i s cus sed .
Direct use of sorghum grain
I n T h a i l a n d , s o r g h u m g ra in i s p r i m a r i l y u t i l i z e d f o r t h e l i v e s t o c k f e e d
i n d u s t r y . H o w e v e r , h i g h t a n n i n s o r g h u m grains are n o t e f f i c i e n t l y u t i l i z e d b y
m o n o g a s t r i c a n i m a l s . Vas t q u a n t i t i e s o f s o r g h u m s tover have a h i g h p o t e n t i a l
f o r use a s r u m i n a n t d i e t s t o m a i n t a i n l i v e w e i g h t s d u r i n g t h e d r y season.
H o w e v e r , t h e u t i l i z a t i o n i n t h i s f o r m i s s t i l l v e r y l o w i n T h a i l a n d because a 
large a m o u n t o f r i c e s t r a w i s avai lable f o r b e e f a n d d a i r y f a r m e r s .
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1. D e p a r t m e n t o f A g r o n o m y , Facu l ty o f A g r i c u l t u r e , K h o n K a e n U n i v e r s i t y , K h o n K a e n 4 0 0 0 2 ,
T h a i l a n d .
Sweet sorghum as a source of fermentable sugars
for energy
S w e e t s o r g h u m has a l o n g h i s t o r y o f c u l t i v a t i o n i n As ia , E u r o p e a n d A m e r i c a .
Recent ly , h igh-sucrose s w e e t s o r g h u m cu l t i va r s have b e e n d e v e l o p e d w i t h
p o t e n t i a l a s a sugar c r o p . Because o f t h e r a p i d increase in c r u d e o i l p r i ce s t h a t
o c c u r r e d d u r i n g t h e 1970s , swee t s o r g h u m has b e e n i nves t i ga t ed as a p o t e n t i a l
source o f f e r m e n t a b l e sugars f o r e t h a n o l f ue l p r o d u c t i o n . T h i s i s because o f
t h e c rop ' s h i g h sugar c o n t e n t a n d b iomass p r o d u c t i o n , w i d e geographic a n d
c l i m a t i c a d a p t a t i o n , a n d r e l a t i v e l y l o w w a t e r a n d f e r t i l i z e r r e q u i r e m e n t s
( N a t h a n 1 9 7 8 ) . I t has b e e n g r o w n f o r m a k i n g swee t s y r u p i n t h e U n i t e d States.
I t i s also su i t ab le f o r f e e d i n g to an ima l s as forage, silage a n d hay.
D e s p i t e t h e l o n g h i s t o r y o f c u l t i v a t i o n i n m a n y c o u n t r i e s , l i t t l e a t t e n t i o n
has b e e n p a i d t o s o r g h u m i n T h a i l a n d because o f i t s m i n o r e c o n o m i c
i m p o r t a n c e , a n d t h e r e has b e e n l i t t l e i m p r o v e m e n t m a d e i n t h i s c r o p .
A l t h o u g h m a n y p r o m i s i n g va r i e t i e s o f s w e e t s o r g h u m have b e e n i n t r o d u c e d t o
T h a i l a n d m o r e t h a n 2 0 years ago, t h e i r u t i l i z a t i o n i s s t i l l l i m i t e d .
F o l l o w i n g t h e energy crisis o f t h e w o r l d , w h i c h s t a r t ed i n 1973 w h e n t h e
p e t r o l e u m car te l O P E C ( O r g a n i z a t i o n o f t h e P e t r o l e u m E x p o r t i n g C o u n t r i e s ) i n
V i e n n a , A u s t r i a i n i t i a t e d a series o f p r i c e increases a n d la ter m o u n t i n g p o l i t i c a l
i n s t a b i l i t y a m o n g several O P E C m e m b e r s , m u c h emphasis has been p laced o n
al te rna te a n d r enewab le energy resources a n d energy independence . In t h e
d e v e l o p i n g coun t r i e s , one a l t e rna t ive t o t h e energy crisis i s t h e p r o d u c t i o n o f
b ioenergy f r o m biomass . E t h a n o l i s an app rop r i a t e a l t e rna t ive fue l .
T r a d i t i o n a l l y , e t h a n o l has b e e n p r o d u c e d m a i n l y f r o m sugarcane
(Saccharum officinarum) molasses . S w e e t s o r g h u m p r o v i d e s g r a i n f r o m t h e
pan ic l e s a n d sugar ( a n d h e n c e e t h a n o l ) f r o m i t s s ta lks; t h e bagasse i s an
e x c e l l e n t f o d d e r f o r a n i m a l s . T h u s i t p r o v i d e s f o o d , f u e l a n d f o d d e r . N o o t h e r
c r o p y i e l d s a l l these p r o d u c t s t o g e t h e r .
Recen t ly , t h e T h a i g o v e r n m e n t p r o m o t e d t h e use o f gasohol (gasol ine + 
1 0 % o f 9 9 . 5 % e t h a n o l ) a n d also t r i e d t o p r o m o t e t h e use o f d i e s o h o l (d iese l
+ 1 0 % e t h a n o l ) i n t h e f u t u r e . D a i l y d o m e s t i c c o n s u m p t i o n o f 2 0 m i l l i o n L o f
gasol ine a n d 5 5 m i l l i o n L o f d i e se l i m p l y t h e n e e d f o r h u g e q u a n t i t y o f
e t h a n o l . M i x i n g 1 0 % o f e t h a n o l i n b o t h gasol ine a n d d iese l r e su l t s i n t h e
r e q u i r e m e n t o f 7.5 m i l l i o n L d a y - 1 o f e t h a n o l .
Of t h e r a w mate r ia l s , ie , r ice , cassava (Manihot esculenta), sugarcane,
molasses a n d swee t s o r g h u m f o r p r o d u c i n g e thano l i n T h a i l a n d , o n l y cassava a n d
molasses w e r e cost e f fec t ive (Table 1) . U s e of cassava a n d molasses as r a w
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Tab le 1 . A n a l y s i s o f cos t e f fec t iveness o f v a r i o u s ex is t ing raw mater ia ls for e thano l
p r o d u c t i o n .
Production
(million t)
Raw materials1 Domestic Export
Rice 8.9 6.7
Cassava 4.1 14.5
Sugarcane 15.9 36.6
Molasses 1.4 1.0
Export value Estimated ethanol
(million production
US$) (million L)
1783.8 2513
543.6 2610
833.3 2562
33.3 260
Estimated value
of ethanol2
(million US$)
658.4 -
683.8
671.2
68.1
Difference3
(million US$)
1125.4 (-63.1)
140.2(25.8)
-162.1 (-19.5)
34.8 (104.5)
1. One ton of rice, cassava, sugarcane and molasses yielded 375, 180, 70 and 260 L of ethanol, respectively.
2. Cost of ethanol = US$0,262 L-1.
3. Percentage values are given in parentheses.
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mater ia l s fo r p r o d u c i n g e t h a n o l can generate m o r e i n c o m e t h a n sel l ing as cassava
chips , cassava pel le ts and r a w molasses. P r o d u c t i o n o f e thano l f r o m r ice a n d
sugarcane w i l l decrease t h e value o f t h e crops. Sel l ing r ice and sugarcane i n t e r m s
o f gra in and sugar w i l l generate m o r e i n c o m e t h a n us ing these t w o crops as r a w
mater ia l s fo r p r o d u c i n g e t h a n o l .
I t i s i m p o s s i b l e t o use a l l e x p o r t e d cassava a n d molasses f o r p r o d u c i n g
e t h a n o l because o f c o m p e t i t i o n w i t h p e r m a n e n t m a r k e t s . M a n y e x p e r i m e n t s
o n s w e e t s o r g h u m p r o d u c t i o n have b e e n d o n e a t K h o n K a e n U n i v e r s i t y , K h o n
K a e n , T h a i l a n d . I t i s a l r eady p r o v e d t h a t s w e e t s o r g h u m i s one o f t h e su i t ab le
c r o p s f o r use a s an ene rgy r e source . I t can g r o w in a w i d e range o f geograph ica l
areas. I t has a p r o d u c t i o n capac i t y equa l or s u p e r i o r to sugarcane. I t i s a s h o r t -
m a t u r i n g c r o p a n d a t least t w o c rops p e r year can b e p r o d u c e d u n d e r r a i n f e d
c o n d i t i o n s . I t has a p o t e n t i a l f o r l o w u n i t costs because i t r e q u i r e s less w a t e r
a n d f e r t i l i z e r t h a n sugarcane.
On-shelf technologies
E t h a n o l f r o m cassava a n d molasses has been p r o d u c e d in p i l o t runs a t t h e T h a i l a n d
I n s t i t u t e of Science and Technology, Bangkok about 25 years ago. Recently, t h e
T h a i g o v e r n m e n t announced t h e n e w p o l i c y o n energy. T h e N a t i o n a l E t h a n o l
C o m m i t t e e a p p r o v e d e ight e thano l p r o d u c t i o n plants as large-scale fo r energy.
Swee t s o r g h u m can be used fo r e thano l p r o d u c t i o n by a d o p t i n g t h e t echno logy
available f o r sugarcane i n d u s t r y (Schaffer t a n d G o u r l e y 1 9 8 2 ) .
I n T h a i l a n d , t h e n o r m a l h a r v e s t i n g p e r i o d f o r sugarcane i s f r o m
N o v e m b e r t o A p r i l w h i l e t h e p r o p o s e d h a r v e s t i n g p e r i o d f o r swee t s o r g h u m
i s f r o m J u n e t o O c t o b e r w i t h p l a n t i n g b e g i n n i n g a t t h e onse t o f r a i n f a l l i n
M a r c h o r A p r i l . I n t h i s case t h e t w o c r o p s s u p p l e m e n t each o t h e r a n d w h e n
u s e d t o g e t h e r increase t h e p e r i o d o f i n d u s t r i a l o p e r a t i o n , decrease t h e u n i t
cos t o f e t h a n o l p r o d u c t i o n , a n d increase t h e t o t a l a m o u n t o f e t h a n o l t h a t can
b e p r o d u c e d b y a d i s t i l l e r y i n one year. T h e same e q u i p m e n t i s u sed t o process
b o t h sugarcane s ta lks a n d s w e e t s o r g h u m s ta lks . C o n s e q u e n t l y , l i t t l e i n t e r e s t i s
g i v e n t o t h e s u p e r i o r p r o d u c t i v i t y o f sugarcane o r s w e e t s o r g h u m . H o w e v e r ,
t h e e c o n o m i c p r o d u c t i o n o f b o t h sugarcane a n d s w e e t s o r g h u m are c o n s i d e r e d
i m p o r t a n t .
Sweet sorghum productivity and quality
S w e e t s o r g h u m is a r e l a t ive ly u n k n o w n c r o p in T h a i l a n d . I t i s cons ide red an
u n d e r u t i l i z e d c r o p and never g r o w n as a c o m m e r c i a l c r o p . F e w researchers w o r k
o n th i s c r o p . A t K h o n K a e n U n i v e r s i t y , some i m p r o v e d variet ies o f sweet s o r g h u m
i n t r o d u c e d f r o m t h e I n t e r n a t i o n a l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d
Trop ics ( I C R I S A T ) , Patancheru, I n d i a and U S A y i e l d e d 4 0 - 6 2 t h a 1 .
T h e q u a l i t y o f j u i c e f r o m s o r g h u m i s u s u a l l y s l i g h t l y i n f e r i o r t o j u i c e f r o m
sugarcane. T w o t y p e s o f s w e e t s o r g h u m have b e e n d e v e l o p e d : ( 1 ) s y r u p
va r i e t i e s w h i c h c o n t a i n i n v e r t sugars i n t h e j u i c e t o p r e v e n t c r y s t a l l i z a t i o n ; a n d
( 2 ) sugar va r i e t i e s w h i c h c o n t a i n m o s t l y sucrose a n d v e r y l i t t l e i n v e r t sugars i n
t h e j u i c e f o r c r y s t a l l i z a t i o n . B o t h t y p e s o f s w e e t s o r g h u m p r o d u c e e t h a n o l . B u t
g o o d t y p e s t h a t p r o d u c e e t h a n o l n e e d n o t b e assoc ia ted w i t h h i g h sucrose
p u r i t y o f t h e sugar t y p e s o r t h e q u a n t i t y a n d q u a l i t y o f s y r u p p r o d u c e d p e r t o n
o f s ta lks o f t h e s y r u p t y p e s . T h e t o t a l a m o u n t a n d e x t r a c t i o n o f t o t a l i n v e r t
sugars ( f e r m e n t a b l e sugar) i s i m p o r t a n t f o r e t h a n o l p r o d u c t i o n .
Economics of producing ethanol f rom sweet sorghum
T h e T h a i l a n d M i n i s t r y o f I n d u s t r y r e p o r t e d t h e p r o d u c t i o n costs o f e t h a n o l i n
v a r i o u s r a w m a t e r i a l s (Table 2 ) . Based o n p r o d u c t i o n cost , o n l y cassava, s w e e t
s o r g h u m a n d molasses are t h e m o s t su i t ab l e r a w m a t e r i a l s f o r p r o d u c i n g
e t h a n o l . T h e p r o d u c t i o n costs s h o u l d n o t b e h i g h e r t h a n U S $ 0 . 1 5 L - 1
o t h e r w i s e i t c a n n o t c o m p e t e w i t h t h e foss i l energy.
Significance for improving livelihood and income generation
S o r g h u m g r a i n i s m a i n l y u s e d i n T h a i l a n d f o r a n i m a l f e e d i n g . I n 2 0 0 2 , t h e
p r o d u c t i o n o f s o r g h u m g r a i n w a s 3 0 0 , 0 0 0 t , v a l u e d U S $ 9 9 0 m i l l i o n a t f a r m
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Table 2 . Es t imated p roduc t ion cos ts o f e thano l f r o m var ious raw mater ia ls .
Raw material
Molasses
Sugarcane
Sweet sorghum
Cassava
Maize
Rice
Cost of raw
material (US$ t-1)
37.5
14.6
10.0
25.0
87.5
200.0
Ethanol yield
(L t-1)
260
70
70
180
375
375
Production cost of
ethanol (US$L - 1 )
0.144
0.209
0.143
0.139
0.233
0.533
Source: Modified from Thailand Ministry of Industry (2001).
l e v e l . A l t h o u g h i t gave less v a l u e c o m p a r e d t o r i c e a n d m a i z e , t h e c r o p i s
d r o u g h t t o l e r a n t , has v e r y g o o d a d a p t a b i l i t y a n d can g r o w o n m a r g i n a l l ands .
T h e s e t r a i t s w i l l be o f great b e n e f i t t o t h e p o o r f a r m e r s i n d r y areas. H o w e v e r ,
an a l t e r n a t i v e use o f s o r g h u m gra in a s h u m a n f o o d i s v e r y less i n T h a i l a n d
because r i c e i s s t i l l su rp lu s .
T h e ene rgy cr is is , w h i c h s t a r t e d i n 1 9 7 3 , i n i t i a t e d t h e e m e r g e n c e o f
b ioene rgy . A n i n t e g r a t e d f o o d , f eed , b i o f e r t i l i z e r a n d ene rgy p r o d u c t i o n
s y s t e m u s i n g s w e e t s o r g h u m m a y b e a n e c o n o m i c a l a n d log ica l response f o r
ene rgy p r o d u c t i o n . A t p re sen t , s w e e t s o r g h u m i s n o t p r o d u c e d b y t h e T h a i
f a r m e r s . A f t e r t h e e s t a b l i s h m e n t o f e i g h t a p p r o v e d e t h a n o l p r o d u c t i o n p l an t s ,
s w e e t s o r g h u m has v e r y h i g h p o t e n t i a l f o r use as a r a w m a t e r i a l . In t h i s case,
w e e s t i m a t e d a t least 4 0 , 0 0 0 h a o f p l a n t i n g area c o u l d p r o d u c e 1.8 m i l l i o n t o f
f r e sh s ta lks w h i c h v a l u e d a b o u t U S $ 1 9 m i l l i o n a t f a r m l e v e l .
Minor utilization of sorghum
Sorghum panicles as ornamental flowers
A c c o r d i n g t o T h a i l a n d p o l i c y o n g e n e r a t i n g i n c o m e f o r T h a i f a r m e r s t h r o u g h
t h e p r o m o t i o n ' O n e T a m b o n O n e P r o d u c t ' ( T a m b o n c o m p r i s e s m a n y
vi l l ages ) , s o r g h u m was i n c l u d e d i n t h i s p r o j e c t . V a l u e - a d d i t i o n o f s o r g h u m
pan ic les (heads) can b e d o n e b y m a k i n g o r n a m e n t a l f l o w e r s ( A r e e e t a l .
1 9 9 5 ) . S o r g h u m pan ic l e s are c u t a t 5 days a f te r f l o w e r i n g , d r i e d a t r o o m
t e m p e r a t u r e f o r 1 - 2 w e e k s , b l e a c h e d i n 5 0 % h y d r o g e n p e r o x i d e s o l u t i o n f o r
1 0 m i n u t e s a n d d r i e d again f o r 1-2 w e e k s . T h e pan ic les are t h e n d y e d w i t h
d i f f e r e n t co lo r s . S o r g h u m pan ic les a s o r n a m e n t a l f l o w e r s can genera te m o r e
m o n e y t h a n se l l i ng g r a i n .
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Broomcorn
B r o o m c o r n i s g r o w n a l m o s t e n t i r e l y f o r t h e e l o n g a t e d b r anches t o t h e p a n i c l e ,
w h i c h are u s e d f o r t h e m a n u f a c t u r e o f b r o o m s . T h e c r o p i s g r o w n o n a s m a l l
area. T h e p r i c e o f t h e b r o o m s d e p e n d s o n h o w b e a u t i f u l , i n n o v a t i v e a n d
c r e a t i v e t h e p r o d u c t s are . T h e b r o o m s are u s u a l l y e x p o r t e d .
Using sorghum grain as fungal medium for mushroom
production
M u s h r o o m p r o d u c e r s i n T h a i l a n d p r e f e r t o use s o r g h u m g r a i n a s t h e funga l
m e d i u m s t o c k . M u s h r o o m can g r o w v e r y w e l l o n s t e a m e d s o r g h u m g r a i n .
S o r g h u m p lays a n i m p o r t a n t r o l e i n m u s h r o o m p r o d u c t i o n , s ince a large
a m o u n t o f g r a i n i s u s e d .
Forage sorghum
Forage s o r g h u m also o f fe r s g rea t p o t e n t i a l f o r s u p p l e m e n t i n g f o d d e r
resources a n d a grea t o p p o r t u n i t y f o r p r o d u c i n g b o t h silage a n d hay.
H o w e v e r , v e r y f e w researchers w o r k o n forage s o r g h u m i n T h a i l a n d . T h e r e
i s o n l y o n e seed c o m p a n y w h i c h p r o m o t e s forage s o r g h u m u s i n g ' S u d a x '
( s o r g h u m X sudangrass) as a c o m m e r c i a l h y b r i d . T h i s c o m p a n y also p r o m o t e s
p e a r l m i l l e t (Pennisetum glaucum) as a f o d d e r r e sou rce . H o w e v e r , t h e
u t i l i z a t i o n o f forage s o r g h u m a n d p e a r l m i l l e t i s l i m i t e d s ince t h e y face h i g h
c o m p e t i t i o n w i t h forage grasses, cassava a n d m a i z e ( Z e a mays). 
Conclusion
A l t h o u g h s o r g h u m p r o d u c t i o n i n T h a i l a n d i s l o w c o m p a r e d t o o t h e r cereals ( r ice
a n d ma ize ) , i t has ve ry h i g h p o t e n t i a l t o e x p a n d p r o d u c t i o n . Swee t s o r g h u m as an
energy source i s t h e m o s t a t t r ac t ive fo r a l t e rna t ive uses o f s o r g h u m . I f t h e large-
scale p r o d u c t i o n o f e thano l fo r fue l f r o m swee t s o r g h u m becomes a reali ty, t h e
f u t u r e o f t h e c r o p w i l l be b r i g h t . I t w i l l p r o d u c e reasonable y ie lds o f e thano l per
hec tare o n m a r g i n a l lands w i t h m i n i m u m p r o d u c t i o n costs. A t present , w e use
surplus c rops a s w e l l a s d i v e r t some o f t h e c u r r e n t c r o p p r o d u c t i o n to e thano l fue l
p rograms . F u t u r e p rograms w i l l b r i n g n e w m a r g i n a l lands i n t o p r o d u c t i o n o f swee t
s o r g h u m t h o u g h t h e area w i l l be ve ry less c o m p a r e d t o t h a t o f o t h e r i n d u s t r i a l
crops . Research o n swee t s o r g h u m breed ing , c u l t u r a l p rac t i ce i m p r o v e m e n t a n d
t h e process fo r e thano l p r o d u c t i o n are u r g e n t l y needed .
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Strategy for Commercia l izat ion of Sorghum
IR Nagaraj1
Abstract
The paper discusses the need for a business model for commercialization and 
recommends the use of 'Product centric' and 'Value chain' approaches to enhance 
impact of technologies. The possible derivatives of the sweet stalk sorghum are 
used to describe the stages in product development, the use of tools to analyze the 
cost-benefits and the steps for building a value chain to create alternative 
livelihoods for the poor in the semi-arid tropics. 
T h e r e i s a g rea t o p p o r t u n i t y f o r R & D cen te r s , w o r k i n g i n t h e d e v e l o p m e n t -
o r i e n t e d p r o g r a m s , t o a d o p t t h e business m o d e l f o r c o m m e r c i a l i z a t i o n f o r
e n h a n c i n g i m p a c t o f i m p r o v e d t e c h n o l o g i e s . T w o such business c o n c e p t s are
d i scussed i n t h i s paper : ( 1 ) P r o d u c t c e n t r i c a p p r o a c h ; a n d (2 ) V a l u e c h a i n
a p p r o a c h . 
Sc i en t i s t s w o r k o n s o l v i n g p r o b l e m s r e l a t e d t o c rops , f o o d , n u t r i t i o n a n d
p o v e r t y a n d r o l l o u t p r o d u c t s o r t e c h n o l o g i e s t h a t can h e l p solve t h e t a r g e t
p r o b l e m . T h e s e p r o d u c t s i n c l u d e h i g h - y i e l d i n g , d r o u g h t o r pes t r e s i s t an t
va r i e t i e s , a n a l y t i c a l r e p o r t s a n d p o l i c y g u i d e l i n e s o n p r o b l e m s o f t h e p o o r . I n
m a n y ins tances t h o u g h these are r e f e r r e d t o a s p r o d u c t s , i n r ea l sense t h e y
m a y n o t q u a l i f y a s ' p r o d u c t s ' w h e n c o m m e r c i a l ru les are a p p l i e d .
Characteristics of a product
In t h e c o m m e r c i a l pa r l ance , a p r o d u c t i s one t h a t p r o v i d e s a t a n g i b l e va lue a n d
also p r o v i d e s a sa t i s fy ing e x p e r i e n c e t o t h e c u s t o m e r . I n t o d a y ' s c o n t e x t o f
c u s t o m e r - d r i v e n m a r k e t s b o t h have t o c o - e x i s t i n a p r o d u c t .
For e v e r y p r o d u c t t h e c u s t o m e r p r o v i d e s a f e e d b a c k . T h e r e are t w o t y p e s
o f f e e d b a c k : ( 1 ) ' sa les- feedback ' f o r t h e p r o d u c t ; a n d ( 2 ) ' p r o f i t - f e e d b a c k ' f o r
t h e e n t e r p r i s e . H i g h sale i n d i c a t e s t h a t t h e c u s t o m e r l i kes t h e p r o d u c t . T h e
s e c o n d e l e m e n t o f f e e d b a c k , i e , p r o f i t , i s a r e c o g n i t i o n f o r t h e e f fec t iveness o f
t h e p r o d u c t . H i g h e r p r o f i t i s a r e s u l t o f h i g h e r s a t i s f ac t ion o f t h e c u s t o m e r d u e
t o t h e h i g h e f fec t iveness o f t h e p r o d u c t .
N o w l e t u s a p p l y t h i s p r i n c i p l e t o o u r w o r k i n d e v e l o p m e n t o f n e w
var ie t i es o f c rops . W h e n var ie t i es are released, ra te a n d e x t e n t o f a d o p t i o n i s t h e
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1 . I C R I S A T , Pa t anche ru 5 0 2 3 2 4 , A n d h r a Pradesh, I n d i a .
F i g u r e 1 . Schema t i c r epresen ta t ion o f a p r o d u c t deve lopmen t process m o d e l .
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e q u i v a l e n t to sales feedback . Large-scale a d o p t i o n o f a v a r i e t y ind ica tes t h e
p re fe rence o f t h e f a r m e r t o t h e c r o p . I f t h i s large-scale a d o p t i o n a n d t h e
effect iveness o f t h e v a r i e t y b r i n g h ighe r y i e lds and p r o f i t s t o t h e fa rmer , t h e n
t h a t i s t h e feedback o n i m p r o v e m e n t i n l i v e l i h o o d s . T h i s i s equ iva l en t t o t h e
feedback o f p r o f i t f o r c o m m e r c i a l p r o d u c t s discussed earlier. Scient is ts
p r o d u c i n g n e w var ie t ies w i t h u n i q u e t r a i t s s h o u l d ponde r : A r e w e successful i n
c o m m e r c i a l i z i n g t h e p r o d u c t s w e crea te t o enhance t h e l i ve l i hoods o f t h e poor?
T h o u g h t h e r e are s o m e success s tor ies o f c o m m e r c i a l i z a t i o n , t h e r e i s
scope f o r i m p r o v e m e n t s . A d o p t i o n o f t h e p r o d u c t c e n t r i c a p p r o a c h a n d va lue
c h a i n a p p r o a c h i n p r o d u c t d e v e l o p m e n t f o r c o m m e r c i a l i z a t i o n can enhance
t h e success rates . T h e u l t i m a t e o b j e c t i v e o f any p r o d u c t d e v e l o p m e n t
i n i t i a t i v e i s c r e a t i n g c o m p e t i t i v e advantage f o r t h e p r o d u c t . T h i s can b e
a c h i e v e d i n t w o ways ; p r o v i d e a h i g h e r va lue t h a n t h e c o m p e t i n g p r o d u c t s
( v a r i e t y ) f o r t h e same p r i c e . A l t e r n a t i v e l y , p r o v i d e t h e same va lue o f t h e
c o m p e t i n g p r o d u c t s a t l o w e r costs t h a n t h e c o m p e t i n g p r o d u c t o r va r ie ty .
P r o d u c t d e v e l o p m e n t
A s y s t e m a p p r o a c h t o p r o d u c t d e v e l o p m e n t w i l l b e a v e r y e f f e c t i v e m e t h o d t o
t a c k l e a l l t h e d i m e n s i o n s o f p r o d u c t d e v e l o p m e n t a n d i t s i m p a c t i n t h e
m a r k e t . A p r o d u c t d e v e l o p m e n t process m o d e l i s g i v e n i n F igu re 1 . A l l
p r o d u c t d e v e l o p m e n t processes are l i n k e d t o t h e m i s s i o n o f t h e o r g a n i z a t i o n
o r a n o b j e c t i v e o f t h e p r o g r a m . A t each o f t h e stages f r o m p l a n n i n g t o
p r o d u c t i o n r a m p - u p , w e have t o d o s e n s i t i v i t y a n d t r a d e - o f f analysis t o h e l p u s
i n m o v i n g f o r w a r d o r t o e x i t t h e p r o d u c t d e v e l o p m e n t c y c l e .
Go/No-go decision gates
Sensitivity and trade-off analysis
W h i l e a l l t h e c o m p o n e n t s o f t h e above process are i m p o r t a n t , ' c o n c e p t
d e v e l o p m e n t ' stage w i l l b e d i scussed i n d e t a i l , as i t is v e r y c r i t i c a l f o r t h e
success o f any p r o d u c t .
Who is the customer?
T r a d i t i o n a l l y , w e t a r g e t t h e f a r m c o m m u n i t y a s o u r c u s t o m e r . I t i s p e r f e c t a s
l o n g a s t h e c o n s u m p t i o n o f t h e p r o d u c t i s a t t h e f a r m l e v e l . I f o u r o b j e c t i v e i s
t o c r ea t e a l i v e l i h o o d va lue , t h e n t h e p r o d u c t w e p r o v i d e t o t h e f a r m e r i s o n l y
a n i n p u t i n t h e v a l u e c h a i n , a s t h e p r o d u c e w i l l b e t r a d e d t o r e a c h t h e u l t i m a t e
c u s t o m e r - t h e c o n s u m e r .
T h e cha l l enge i n c o m m e r c i a l i z a t i o n i s t o i d e n t i f y m u l t i p l e c u s t o m e r s
a long a v a l u e c h a i n . T h e i n t e r e s t i n g aspect o f a p r o d u c t i s t h a t t h e p e r c e i v e d
v a l u e ( t r a i t ) b y t h e s c i e n t i s t n e e d n o t b e t h e r e a l i z e d v a l u e ( h i g h e r y i e l d ) o r
c o m m e r c i a l v a l u e ( m a r k e t a b i l i t y ) t o t h e f a r m e r . E s t a b l i s h i n g t h e sync
b e t w e e n t h e p e r c e i v e d va lue , r e a l i z e d va lue a n d c o m m e r c i a l va lue i s t h e
process f o r e s t ab l i sh ing a v a l u e c h a i n f o r a p r o d u c t .
Case study of value chain model for sweet stalk
sorghum
F i g u r e 2 e x p o u n d s t h e m o d e l o f v a l u e c h a i n f o r s w e e t s t a lk s o r g h u m (Sorghum 
bicolor). F r o m t h i s m o d e l , w e can a p p r e c i a t e t h a t t h e r e are m a n y p laye r s w i t h
d i f f e r e n t set o f c o m p e t e n c i e s a n d resources n e e d e d t o b u i l d a v a l u e c h a i n .
B u i l d i n g these t y p e s o f v a l u e cha ins f o r t h e p r o d u c t s w e p r o d u c e p r o v i d e s
g rea t e r chance o f success i n e n h a n c i n g t h e l i v e l i h o o d o f t h e p o o r . E s t a b l i s h i n g
s u c h a c o a l i t i o n o f p a r t n e r s a n d p l aye r s r e q u i r e s c a r e f u l p l a n n i n g a n d
i d e n t i f y i n g t h e r i g h t s e g m e n t a n d i n t e r m e d i a t e c u s t o m e r s .
T h e c o n c e p t d e v e l o p m e n t process
F i g u r e 3 i n d i c a t e s t h e v a r i o u s stages a n d processes r e q u i r e d f o r a successful
c o m m e r c i a l i z a t i o n o f a p r o d u c t . H e r e , w e n e e d t o e l abo ra t e t h e e c o n o m i c
analysis process , w h i c h w i l l h e l p us t o d e t e r m i n e t h e v i a b i l i t y o f t h e p r o d u c t .
T h i s process i s also r e f e r r e d to a s Business Case A n a l y s i s o r P r o d u c t
E c o n o m i c s . T h e m o s t c o m m o n m e t h o d u s e d i s N e t P resen t V a l u e ( N P V ) . T h e
process i s e x p l a i n e d i n F i g u r e 4 .
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F i g u r e 3 . Schemat i c r epresen ta t ion o f concept deve lopment process.
231
Figure 2. A model value chain for sweet stalk sorghum. 
T h e r e are t w o d i s t i n c t t i m e span stages i n a p r o d u c t c o m m e r c i a l i z a t i o n
process: ( 1 ) D e v e l o p m e n t t i m e ; a n d (2 ) Payback t i m e . D u r i n g these t w o
stages m o n e y i s i n v e s t e d f o r p r o d u c t d e v e l o p m e n t a n d m a r k e t i n g . T h e pace o f
i n v e s t m e n t , t h o u g h h i g h d u r i n g d e v e l o p m e n t stage, evens o u t la ter . W h e n t h e
sales r e v e n u e surpasses t h e i n v e s t m e n t c u r v e , o p e r a t i n g p r o f i t i s a c h i e v e d .
H o w e v e r , n e t p r o f i t i s a c h i e v e d o n l y w h e n sales revenues g o u p a n d t h e
revenues cove r a l l o p e r a t i n g costs r e s u l t i n g i n cash su rp lus .
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T h e c r i t i c a l f a c t o r i s t o p r e d i c t a s c lo se ly a s poss ib le t h e c u r r e n t
i n v e s t m e n t s , t h e f u t u r e cos t a n d t h e a n t i c i p a t e d r e t u r n s o f t h e p r o d u c t a n d i t s
assoc ia ted services . B o t h cos t a n d t i m e d i m e n s i o n s d e t e r m i n e t h e p r o f i t a b i l i t y
a n d e v e n t u a l success o f t h e p r o d u c t . Besides t h i s t h e s e n s i t i v i t y a n d t r a d e - o f f
analysis w i l l s u p p o r t t h e p r o d u c t d e v e l o p m e n t dec i s ions . For e x a m p l e t h e
soc ia l o r p o l i t i c a l aspects o f t h e e c o n o m y w h e r e t h e p r o d u c t i s t o b e d e p l o y e d
can b e w e l l a n a l y z e d i n t h e s e n s i t i v i t y analysis .
Conclusion
W h e r e t h e r e are c o n s t r a i n t s f o r f i n a n c i a l resources , i t i s i m p o r t a n t f o r
d e v e l o p m e n t i n s t i t u t i o n s t o a d o p t business m o d e l s t o p l a n , d e v e l o p a n d
c o m m e r c i a l i z e p r o d u c t s . T h e c o n c e p t s a n d m o d e l s d e a l t above w i l l p r o v i d e a 
b e t t e r u n d e r s t a n d i n g f o r sc ien t i s t s w o r k i n g o n i n t e r n a t i o n a l p u b l i c goods t o
e n h a n c e t h e l i v e l i h o o d s o f t h e p o o r .
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Figure 4. Product development cash flow. 
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The Commercial izat ion of Sorghum and Pearl
Mi l let in Africa: Traditional and Alternat ive
Foods, Products and Industrial Uses
in Perspective
DD Rohrbach1 and AB Obilana2
Abstract
Sorghum and millets are primarily grown as subsistence food crops in Africa. Less 
than 5% of annual production is commercially processed by industry. The 
expansion of agro-processing and industrial utilization depends on the growth of 
per capita incomes and urbanization. However, for sorghum and pearl millet to be 
competitive with alternative grains, gains are also required in farm productivity 
and market efficiency. High marketing costs represent a particular problem in 
many regions of Africa where market density is low and production levels are 
unstable. Entrepreneurs need assistance in evaluating the trade-offs in using 
al ternat ive grain inputs. They also need more information about alternative 
processing technologies and end uses of these crops. The varied experiences with 
sorghum and pearl millet commercialization that are evident in diverse regions of 
Africa need to be publicized. A strategic framework of public and private sector 
partnership is proposed as a basis for addressing these challenges. 
S o r g h u m (Sorghum b i c o l o r ) a n d m i l l e t s are m a j o r f o o d c rops i n Sub-Saharan
A f r i c a . T h e t w o grains a c c o u n t f o r 5 6 % o f t h e area p l a n t e d t o cereals i n t h i s
r e g i o n , a n d 4 1 % o f cerea l p r o d u c t i o n . I n c o m p a r i s o n , m a i z e (Zea mays) 
accoun t s f o r 3 6 % o f ce rea l g r a in p r o d u c t i o n . Rice (Oryza sativa) a n d w h e a t
(Triticum aestivum) m a k e u p m o s t o f t h e r e m a i n i n g 2 3 % .
Postharvest process ing a n d u t i l i z a t i o n ( P P U ) o f s o r g h u m and m i l l e t s are
m a j o r i ng red i en t s fo r f o o d a n d f e e d secur i ty ; a n d w h e n d o n e appropr i a t e ly ,
b e c o m e a s ign i f ican t s t ra tegy f o r cash i n c o m e a n d d i v e r s i f i c a t i o n o f l i v e l i h o o d o f
peop l e i n t h e s e m i - a r i d t r o p i c s ( S A T ) o f A f r i c a . Toge the r w i t h increased
p r o d u c t i o n a n d p r o d u c t i v i t y , a p p r o p r i a t e P P U responds t o a n d enhances m a r k e t
d e m a n d s w i t h i n t h e d i f f e r e n t v i l l a g e / c o m m u n i t y - n a t i o n a l - r e g i o n a l l eve l
c o n t i n u u m . Processing t echno log ies a n d e q u i p m e n t fo r u t i l i z a t i o n o f s o r g h u m
a n d m i l l e t s f o r several i n t e r m e d i a t e and e n d p r o d u c t s s h o u l d b e a p p r o p r i a t e t o
t h e specif ic needs o f consumers a n d process ing indus t r i e s i n A f r i c a . W e have t o
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a c k n o w l e d g e t h e co -ex i s t ence o f these pos tha rves t t echno log ies a t t h e t h r e e
s o c i o e c o n o m i c levels: c o m m u n a l / c o t t a g e i ndus t ry , t h e m e d i u m scale/service
leve l , a n d t h e large i n d u s t r i a l scale. T h e status o f these P P U techno log ies varies
and a t p resen t m o r e c o m m u n a l / c o t t a g e - l e v e l and m e d i u m - s c a l e i ndus t r i e s serve
t h e c o m m u n i t y a n d p e r i - u r b a n needs. I t i s necessary fo r u s i n A f r i c a t o d e v e l o p
f r o m t h i s scenar io a n d t i l t t h e balance o f P P U t o w a r d s m o r e o f m e d i u m - t o
large-scale i n d u s t r i e s . T h i s w i l l enhance t h e g r o w t h o f t h e i n d u s t r i e s a n d
increase q u a n t i t y a n d q u a l i t y o f e n d p r o d u c t s a s w e l l a s a l l o w R & D responses t o
n e w i n n o v a t i o n s i n t h e use o f s o r g h u m and m i l l e t s .
I n S o u t h e r n A f r i c a , t h e s o r g h u m i n d u s t r y d i v e r s i f i e d f r o m t h e o r i g i n a l l y
c o m m o n use i n b r e w i n g o p a q u e bee r i n t o p r o d u c t s o f m e a l , f l o u r , t h i n
p o r r i d g e s , ene rgy d r i n k s a n d o t h e r ce rea l p r o d u c t s . H o w e v e r , these are
p r o d u c t areas associa ted w i t h o t h e r ce rea l c rops l i k e m a i z e a n d w h e a t . A 
s i m i l a r scenar io o f i n d u s t r i a l change i s n o w o c c u r r i n g i n W e s t A f r i c a a n d
K e n y a , a n d b e g i n n i n g i n o t h e r c o u n t r i e s o f East a n d C e n t r a l A f r i c a (Tanzania,
R w a n d a a n d U g a n d a ) . T h i s d i v e r s i f i c a t i o n neces s i t a t ed t h e d e v e l o p m e n t a n d
use o f s o r g h u m va r i e t i e s a n d h y b r i d s w i t h a p p r o p r i a t e p r o p e r t i e s , a ccep t ab l e
t o b o t h processors a n d c o n s u m e r s . I t also p i t c h e d s o r g h u m i n c o m p e t i t i o n
w i t h t h e c o m m o n l y u s e d cereals , m a i z e a n d w h e a t i n t h e r e g i o n . T h i s
d e v e l o p m e n t n o w r e q u i r e s s o r g h u m as a cereal c r o p to be seen a n d u s e d f o r i t s
u n i q u e n e s s i n d e v e l o p i n g o r m o d i f y i n g t e c h n o l o g i e s r e l evan t t o a p p r o p r i a t e
p r o d u c t s . P roduce r s , c o n s u m e r s , p rocessors a n d t r a d e r s n o w have t o i n t e r a c t
m o r e c lose ly w i t h m a r k e t s i t u a t i o n s .
T h r o u g h o u t A f r i c a , t h e r e i s a huge resource o f gene t ic ma te r i a l s a n d
e x p e r t i s e i n s o r g h u m a n d m i l l e t u t i l i z a t i o n . T h e huge n a t u r a l a n d i m p r o v e d
gene t ic resources n e e d t o b e i d e n t i f i e d a n d e n h a n c e d f o r un iqueness a n d e n d
use p r o p e r t i e s . A n a t t e m p t a t t h i s s t a r t e d i n t h e S o u t h e r n A f r i c a r e g i o n i n t h e
1980s , a n d ear l ie r i n t h e W e s t A f r i c a r eg ion . S o m e progress was r e p o r t e d
t h r o u g h databases gene ra ted o n g ra in q u a l i t y assessments ( O b i l a n a 1985 , 1 9 9 4 ,
1 9 9 8 , O k o n a n d U w a i f o 1 9 8 5 , G o m e z e t a l . 1 9 9 7 , M u r t y e t a l . 1 9 9 7 , M a n f u l e t
a l . 2 0 0 1 ) . E x p e r t i s e i n s o r g h u m a n d m i l l e t process ing a n d u t i l i z a t i o n also ex i s t
a n d have b e e n r e p o r t e d i n several p u b l i c a t i o n s ( F I I R O 1 9 7 6 , O k a f o r a n d A n i c h e
1 9 8 0 , A i s i e n 1 9 9 0 , B o g u n j o k o 1 9 9 2 , Tay lo r 1 9 9 2 , 1 9 9 3 , S o o l i m a n 1 9 9 3 , D a i b e r
a n d Tay lo r 1 9 9 5 , N i c h o l s o n a n d Tay lo r 1 9 9 7 , N d o y e 2 0 0 1 ) .
A v a i l a b l e l i t e r a t u r e s h o w s t h a t e x p e r t i s e i n p o s t h a r v e s t p rocess ing
t e c h n o l o g y a n d u t i l i z a t i o n l ies w i t h i n d i g e n o u s k n o w l e d g e , s m a l l en t e rp r i s e s ,
large-scale f o o d a n d f e e d processors , r e sea rch i n s t i t u t e s a n d u n i v e r s i t i e s .
H o w e v e r , t h e r e i s a m a j o r p r o b l e m o f i n f o r m a t i o n d i s s e m i n a t i o n , access a n d
r e t r i e v a l f o r use. I n A f r i c a researchers have n o t b e e n able t o cap i t a l i ze o n t h e
avai lable i n f o r m a t i o n r e g a r d i n g t h i s e x p e r t i s e . T h i s i s because t h e y are
s c a t t e r e d a n d b u r i e d i n R & D r e p o r t s w i t h i n d i v i d u a l s i n f a r m e r g roups ,
i n s t i t u t i o n s , o rgan iza t ions a n d i n d u s t r i e s w i t h i n c o u n t r i e s a n d across t h e
reg ions o f A f r i c a . T h e y are n o t shared , r e s u l t i n g i n l i t t l e o r n o awareness o f
such e x p e r t i s e . T h e s i t u a t i o n m u s t change i f A f r i c a i s t o progress i n inc reased
p r o d u c t i o n a n d c o m m e r c i a l i z a t i o n o f s o r g h u m a n d m i l l e t s t h r o u g h i m p r o v e d
p o s t h a r v e s t p rocess ing a n d u t i l i z a t i o n sc ience a n d t echno log i e s . T h e r e m u s t b e
l inkages across t h e c o n t i n u u m o f p r o d u c e r s - p r o c e s s o r s - t r a d e r s / m a r k e t s -
c o n s u m e r s f o r A f r i c a t o ach ieve these P P U ob jec t ives i n a m a r k e t - o r i e n t e d
goal a n d e n v i r o n m e n t .
D e s p i t e t h e i r r e l a t i v e i m p o r t a n c e i n r eg iona l f o o d sys tems, ve ry l i t t l e
s o r g h u m or pea r l m i l l e t (Pennisetum glaucum) i s c o m m e r c i a l l y p rocessed .
R o u g h es t ima tes suggest less t h a n 3 % o f Sub-Saharan A f r i c a ' s s o r g h u m
p r o d u c t i o n i s u s e d i n t h e f o r m a l f o o d a n d f e e d i n d u s t r i e s ; t h e r e m a i n i n g
> 9 0 % i s t r a d i t i o n a l l y p rocessed i n t o foods a n d beverages. I n d u s t r i a l
u t i l i z a t i o n o f p e a r l m i l l e t i s ra re .
T h e r e l a t i v e i m p o r t a n c e o f these c rops i n A f r i c a ' s t r a d i t i o n a l f o o d
sys tems suggests subs t an t i a l o p p o r t u n i t i e s s h o u l d ex i s t f o r t h e i r
c o m m e r c i a l i z a t i o n . I n t h e f i r s t ins tance , c o m m e r c i a l p rocess ing can p r o v i d e
u r b a n m i g r a n t s f r o m s o r g h u m o r p e a r l m i l l e t p r o d u c t i o n zones w i t h a f a m i l i a r
f o o d p r o d u c t . A s i n c o m e s g row, d e m a n d w i l l evo lve t o w a r d m o r e p rocessed
f o o d p r o d u c t s . I n t h e l onge r t e r m , t h e d o m i n a n t share o f s o r g h u m a n d pear l
m i l l e t m a y b e c o n s u m e d i n A f r i c a a s a n i m a l f e e d .
H o w e v e r , m a n y fac to rs w i l l i n f l u e n c e t h e l eve l a n d speed o f t h i s
t r a n s i t i o n . I n d u s t r i a l p rocess ing o f t h e c rops i s c u r r e n t l y c o n s t r a i n e d b y l o w
a n d va r i ab l e levels o f p r o d u c t i o n , h i g h assembly a n d p rocess ing costs, a n d
u n c o m p e t i t i v e g r a in p r i ces . F u r t h e r , m a n y c o m m e r c i a l g r a i n processors
r e m a i n u n f a m i l i a r w i t h t h e use o f these grains . T h e y t h e n q u e s t i o n c o n s u m e r
p re fe rences f o r s o r g h u m - a n d p e a r l m i l l e t - b a s e d f o o d a n d f e e d p r o d u c t s .
T h e s e grains m u s t c o m p e t e f o r a t t e n t i o n w i t h b e t t e r - k n o w n c o m m e r c i a l
i n p u t s such as m a i z e , w h e a t a n d r i c e .
T h i s pape r r e v i e w s t h e t r a d i t i o n a l s o r g h u m a n d pea r l m i l l e t p r o d u c t s ,
t h e i r c o m m e r c i a l i z a t i o n a n d i n d u s t r i a l u t i l i z a t i o n i n A f r i c a . I t s tar ts w i t h t h e
s ta tus a n d d e v e l o p m e n t needs o f p rocess ing a n d u t i l i z a t i o n t e c h n o l o g i e s , a n d
p r o v i d e s a b r i e f o v e r v i e w o f avai lable da ta o n t h e c u r r e n t levels o f c o m m e r c i a l
u t i l i z a t i o n o f these gra ins . I t t h e n h i g h l i g h t s p r o d u c t i o n a n d m a r k e t i n g
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c o n s t r a i n t s l i m i t i n g t h e g r o w t h o f i n d u s t r i a l p rocess ing . Severa l s t ra tegies are
p r o p o s e d , i n c l u d i n g s t ra teg ic , p u b l i c a n d p r i v a t e g r o u p / i n s t i t u t i o n a l
p a r t n e r s h i p s , f o r r e s o l v i n g these c o n s t r a i n t s .
Sorghum and pearl millet production
A c c o r d i n g t o F A O ( F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n o f t h e U n i t e d N a t i o n s )
da ta ( F A O 2 0 0 3 ) , Sub-Saharan A f r i c a a n n u a l l y p r o d u c e s a b o u t 1 8 m i l l i o n t o f
s o r g h u m a n d 1 3 m i l l i o n t o f m i l l e t (Table 1 ) . T h e p u b l i s h e d da t a d o n o t
d i s t i n g u i s h b e t w e e n va r ious species o f m i l l e t . W e e s t i m a t e t h a t a p p r o x i m a t e l y
8 7 % of t h i s i s p e a r l m i l l e t , 1 0 % i s f i n g e r m i l l e t (Eleusine coracana) a n d t h e
r e m a i n d e r c o m p r i s i n g f o n i o (Digitaria exilis) a n d t e f f ( E r a g r o s t i s tef), m o s t l y
( I C R I S A T a n d F A O 1 9 9 6 ) . T h i s c o m p a r e s w i t h t h e p r o d u c t i o n o f a b o u t 2 7
m i l l i o n t o f m a i z e , t h e closest ce rea l g r a i n s u b s t i t u t e i n b o t h p r o d u c t i o n a n d
c o m m e r c i a l p roces s ing sys tems .
E q u a l p r o d u c t i o n areas are p l a n t e d t o s o r g h u m , m i l l e t a n d m a i z e . B u t
s ince m a i z e t e n d s t o b e g r o w n i n h i g h e r r a i n f a l l zones, i t o f fe r s h i g h e r average
y i e l d s . S o r g h u m a n d m i l l e t y i e l d s t e n d t o r e m a i n l o w because these c rops are
m o s t l y a d a p t e d t o , a n d g r o w n i n d r i e r , d r o u g h t - p r o n e reg ions .
C o r r e s p o n d i n g l y , s o r g h u m a n d p e a r l m i l l e t are b e t t e r k n o w n a s f o o d s e c u r i t y
c r o p s .
T h e l ack o f a c o m m e r c i a l m a r k e t f o r s o r g h u m a n d pea r l m i l l e t has
d i s c o u r a g e d i n v e s t m e n t i n t h e d e v e l o p m e n t a n d a d o p t i o n o f n e w va r i e t i e s a n d
c r o p m a n a g e m e n t p r a c t i c e s . A t least 5 % o f t h e s o w n area o f s o r g h u m i s s t i l l
p l a n t e d t o t r a d i t i o n a l , l a n d r a c e va r i e t i e s . M o r e t h a n 9 0 % o f p e a r l m i l l e t area
s o w n i n Sub-Saharan A f r i c a i s s i m i l a r l y s o w n t o t r a d i t i o n a l va r i e t i e s . F e r t i l i z e r
use o n these c r o p s i s ra re a n d m a n y f a r m e r s d o n o t e v e n use ava i lab le m a n u r e .
A s a r e s u l t , t h e r e has b e e n v i r t u a l l y n o g r o w t h i n average g r a i n y i e l d s o f
s o r g h u m a n d p e a r l m i l l e t i n Sub-Saharan A f r i c a d u r i n g t h e past 2 0 years .
Table 1. Area, yield and production of major coarse grains in Sub-Saharan Africa,
1999-2001.
Crop
Sorghum
Millets
Maize
Area (million ha)
21.8
20.0
21.0
Yield (t ha-1)
0.8
0.7
1.3
Production (million t)
18.1
13.1
27.2
Source: FAO (2003).
O n - s h e l f t e c h n o l o g i e s
Pos tharves t p roces s ing begins w i t h t h r e s h i n g o f t h e g ra in ( r e m o v a l o f g ra in
f r o m p a n i c l e a n d sepa ra t ion f r o m g l u m e ) , w i n n o w i n g and c l ean ing ( r e m o v a l o f
sand, s tone a n d e x t r a n e o u s m a t t e r ) , f o l l o w e d b y p r i m a r y ( d e h u l l i n g ) a n d
seconda ry p rocess ing ( m i l l i n g a n d m a l t i n g ) . For each o f these stages,
m e c h a n i c a l t h r e s h i n g a n d m i l l i n g s h o u l d b e t h e n o r m . H a n d o r d r a f t p o w e r
t h r e s h i n g , u s u a l l y r e s u l t i n t h e g ra in b e c o m i n g d i r t y a n d c o n t a m i n a t e d w i t h
sand a n d o t h e r m i c r o b e s ( l i k e m o l d ) . Because sand a n d m i c r o b i a l
c o n t a m i n a n t s are d i f f i c u l t t o e l i m i n a t e , m a c h i n e r y can b e d a m a g e d r e s u l t i n g i n
u n p a l a t a b l e a n d g r i t t y f o o d p r o d u c t s , w h i c h c o u l d also have t o x i n s d u e t o
m o l d s . E a c h o f these stages, e x c e p t f o r w i n n o w i n g a n d c l ean ing , have
i m p l i c a t i o n s o n gene t i c v a r i a t i o n a n d g ra in q u a l i t y o f t h e va r ie t i e s . These
v a r i e t a l d i f f e r ences have b e e n d o c u m e n t e d i n g r a i n q u a l i t y e v a l u a t i o n da ta
g e n e r a t e d i n S o u t h e r n A f r i c a f o r p e a r l m i l l e t ( M o n y o 1 9 9 8 ) a n d f o r s o r g h u m
( O b i l a n a 1 9 9 4 , 1 9 9 8 ) .
G r a i n q u a l i t y p a r a m e t e r s r e l a t e d t o a n d o f i m p o r t a n c e i n t h e p rocess ing
t e c h n o l o g i e s have b e e n i d e n t i f i e d t o i n c l u d e : g ra in hardness, w a t e r a b s o r p t i o n ,
f l o u r y i e l d ( m i l l i n g q u a l i t y ) , t a n n i n c o n t e n t , p a r t i c l e size i n d e x , p e r i c a r p
t h i c k n e s s , seed coa t ( t e s ta ) , e n d o s p e r m t e x t u r e , k e r n e l w e i g h t , size a n d shape,
d ia s t a t i c p o w e r , g e r m i n a b i l i t y a n d g e r m i n a t i o n v i g o r ( a l l r e l a t e d t o m a l t i n g
q u a l i t y ) ( G o m e z e t a l . 1 9 9 7 ) . Tables 2 a n d 3 s h o w t h e g ra in q u a l i t y t r a i t s i n
d i f f e r e n t s o r g h u m (database o f ove r 5 0 0 samples) a n d p e a r l m i l l e t (database
o f ove r 1 0 0 samples ) l ines . T h e databases g e n e r a t e d i n c l u d e da ta f o r b o t h
i m p r o v e d a n d f a r m e r va r i e t i e s .
Recen t ly , t h e i m p o r t a n c e o f us ing a p p r o p r i a t e e q u i p m e n t i n p r i m a r y a n d
secondary p rocess ing f o r t h e p r o m o t i o n o f s o r g h u m p r o d u c t s i n Senegal was
d o c u m e n t e d b y N d o y e ( 2 0 0 1 ) . A s m u c h a s t h e r e are several t y p e s o f cerea l
th re she r s , d e h u l l e r s a n d m i l l s m a n u f a c t u r e d i n E u r o p e , t h e issues o f
p rocess ing t e c h n o l o g i e s a n d e q u i p m e n t have t o t a k e a n e w p e r s p e c t i v e f o r
A f r i c a . T h i s a p p r o a c h focuses o n t h e use o f successful s o r g h u m a n d m i l l e t
p rocess ing t e c h n o l o g i e s a n d e q u i p m e n t , w h i c h have b e e n l oca l l y
m a n u f a c t u r e d t o address t h e p r o b l e m s f aced w i t h u s i n g i m p o r t e d E u r o p e a n /
A m e r i c a n e q u i p m e n t . P r o b l e m s w i t h a p p l i c a t i o n o f s u c h m a c h i n e s a n d
t e c h n o l o g i e s f r o m t h e d e v e l o p e d w o r l d i n c l u d e : h i g h cost , v e r y h i g h m a t e r i a l
t h r o u g h p u t , h i g h c o m p l e x i t y , s o p h i s t i c a t e d m a i n t e n a n c e r e q u i r e m e n t s a n d
l ack o f robus tness ( J R N Taylor , U n i v e r s i t y o f P r e t o r i a , P re to r i a , S o u t h A f r i c a ,
2 0 0 2 , pe r sona l c o m m u n i c a t i o n ) .
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Table 2. Grain quality traits related to processing and utilization for different sorghum
types from Southern Africa.
Grain trait
Testa
Hardness score1
Flour/milling yield (%)
Water absorption (%)
100-seed mass(g)
Grain size2
Floaters (%)
Flour color3
Dry Agtron reading
Wet Agtron reading
Malting quality (SDU values)
Tannin content (% ce)
Crude protein (%)
Range of values
White sorghums
Absent
2.6-4.8
72.60-90.82
3.8-11.8
1.57-3.88
Medium to large
11-85
68.2-82.5
48.8-63.6
14.68-73.34
0
10.9
Red sorghums
Absent
1.7-4.7
69.23-88.20
4.2-13.1
1.44-3.32
Medium to large
23-100
59.5-76.8
32.2-55.4
15.90-72.62
0.0-0.5
10.9
Brown sorghums
Present
1.4-3.8
64.20-86.20
5.1-14.8
1.25-2.95
Small to large
55-100
50.7-72.1
24.4-48.8
28.28-74.17
0.5-5.0
10.9
1. Score on a 1-5 scale where 1.0—2.5 = soft, 2.6-3.4 = intermediate, 3.5-4.5 = hard, and 4.6-5.0 = very hard.
2. Grain size: Large = >4.00 mm, medium = 2.60-4.00 mm, small = <2.60 mm.
3. The higher the reading the lighter is the product color.
Source: Modified from Obilana (1998).
Table 3. Grain quality traits related to processing and utilization of some pearl millet
cultivars in Southern Africa.
Grain traits
Visual hardness score1
Proportion of floury endosperm
Particle size index
100-seed mass(g)
Floaters (%)
Dehulling loss (%)
Milling yield (%)
Water absorption (%)
Size fractions2
Large
Medium
Small
Flower color (Agtron reading) (dry)
Range of values
2.4-3.3
0.25-0.53
9.17-12.14
0.92-1.41
53-93
4.60-11.90
81.00-93.50
8.50-12.80
8.51-72.07
27.71-91.18
0.15-1.79
48.00-56.40
1. Score on 1-5 scale where 1 = very soft and 5 = very hard.
2. Large = >2.6 mm; Medium = 1.77-2.6 mm; Small = <1.7 mm.
Source. Modified from Monyo (1998).
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Threshing and dehulling process
T o increase a n d d i v e r s i f y s o r g h u m a n d m i l l e t u t i l i z a t i o n , m e c h a n i c a l t h r e s h i n g
a n d d e h u l l i n g has b e c o m e t h e n o r m . W e are aware o f some m a c h i n e s t h a t have
b e e n d e v e l o p e d o r m o d i f i e d a n d p u t i n t o use i n S o u t h e r n A f r i c a . I n N a m i b i a ,
f o r e x a m p l e , a n a g r i c u l t u r a l m a c h i n e c o m p a n y m a n u f a c t u r e s sma l l p o r t a b l e
p e t r o l - p o w e r e d pea r l m i l l e t t h r e she r s . T h e same N a m i b i a n c o m p a n y i s t r y i n g
t o m o d i f y a la rger t r a c t o r P o w e r Take O f f ( P T O ) ma ize t h r e s h e r f o r p e a r l
m i l l e t a n d s o r g h u m . M o d i f i c a t i o n i s s t i l l c o n t i n u i n g w i t h r e p l a c e m e n t o f t h e
larger m e s h screen i n t h e P T O b y a s m a l l e r screen o f 6 - m m m e s h , a n d t h e
t h r e s h e r f a n w h i c h i s t o o p o w e r f u l f o r t h e s m a l l e r gra ins .
Severa l t h r e s h i n g m a c h i n e s i m p o r t e d f r o m d e v e l o p e d c o u n t r i e s , speci f ic
f o r t h r e s h i n g w h e a t , b a r l e y ( H o r d e u m vulgare) a n d oats (Avena sativa), can
also b e m o d i f i e d f o r t h r e s h i n g s o r g h u m a n d p e a r l m i l l e t . T h i s i s a l ready
h a p p e n i n g i n Z i m b a b w e . I n Senegal , m e c h a n i c a l t h r e she r s m a d e i n France a n d
s p e c i f i c a l l y a d a p t e d f o r p e a r l m i l l e t are u sed . T h e s e m o d i f i e d t h r e she r s range
i n o u t p u t o f 3 0 0 k g h - 1 ( s m a l l ) t o 1 0 0 0 k g h - 1 ( l a rge ) .
D e h u l l e r s su i t ab l e f o r s o r g h u m a n d m o d i f i a b l e f o r p e a r l m i l l e t are
m a n u f a c t u r e d i n B o t s w a n a a n d Z i m b a b w e . T h e d e h u l l e r i s m a n u f a c t u r e d b y
t h e R u r a l I n d u s t r i e s I n n o v a t i o n C e n t e r ( R I 1 C ) , K a n y e , B o t s w a n a . T h e
t h r o u g h p u t speed i s 1 0 k g m i n - 1 a n d 4 0 0 - 6 0 0 k g h - 1 . A s ign i f i can t
d e v e l o p m e n t w i t h t h i s s o r g h u m d e h u l l e r i s t h a t i t has b e e n c o m b i n e d t o a 
h a m m e r m i l l b y t h e R I I C t o c rea te a d e h u l l i n g - m i l l i n g p a c k a g e / c h a i n t o ease
m i l l i n g process a n d m a k e i t m o r e t i m e a n d cos t e f f i c i e n t . T h e d e h u l l e r o n i t s
o w n can b e u s e d f o r b o t h c o m m e r c i a l a n d service o p e r a t i o n s .
For t h e p u r p o s e o f a d a p t i n g these d e h u l l e r s t o W e s t A f r i c a , i t s h o u l d b e
n o t e d t h a t c u r r e n t d e h u l l i n g t e c h n o l o g y i s n o t y e t v e r y e f f i c i e n t f o r s o r g h u m
a n d p e a r l m i l l e t . Resea rch a n d d e v e l o p m e n t e f f o r t i s s t i l l n e e d e d t o d e v e l o p
a d e h u l l i n g t e c h n o l o g y t h a t r e m o v e s t h e g e r m c lean f r o m s o r g h u m a n d p e a r l
m i l l e t g ra ins . T h e t h e o r e t i c a l a n d s c i e n t i f i c r ea son ing b e h i n d t h i s
r e c o m m e n d a t i o n i s t h a t b o t h gra ins ( s o r g h u m averages 2 .8 g f a t 100g - 1 ) have
large o i l - r i c h g e r m s ( m o r e s o i n p e a r l m i l l e t , 3 .0 g fa t l O O g - 1 ) . For e x a m p l e ,
t o p r o d u c e s o r g h u m m e a l o f l o w fa t c o n t e n t ( < 1.0 g f a t 1 0 0 g - 1 ) , u p t o 4 0 %
o f t h e g r a i n m u s t b e d e c o r t i c a t e d b y d e h u l l i n g . W i t h such a m o u n t o f loss,
excess ive d e h u l l i n g o f s o r g h u m a n d m i l l e t s m a y b e c o m e a n u n e c o n o m i c a l
process a n d m a y n o t b e v i a b l e . T o m a k e t h e d e h u l l i n g process v i a b l e , t h e
m a r k e t f o r t h e b y p r o d u c t , w h i c h i s b r a n , m u s t b e p u t i n p l ace f o r a n i m a l
f e e d p r o d u c t i o n .
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Milling
I n genera l , s o r g h u m ( d e h u l l e d o r u n d e h u l l e d ) i s m i l l e d u s i n g e i t h e r t h e
h a m m e r m i l l o r r o l l e r m i l l . T h e h a m m e r m i l l , a l t h o u g h a v e r y s i m p l e a n d
e f f e c t i v e t e c h n o l o g y f o r b r e a k i n g u p w h o l e o r d e h u l l e d g r a i n i n t o m e a l , i s n o t
a d e q u a t e t o p r o d u c e m e a l a n d f l o u r o f u n i f o r m p a r t i c l e size r e q u i r e d t o
p r o d u c e q u a l i t y b a k e d (eg, b r e a d o r b i s c u i t s ) o r s t e a m e d p r o d u c t s . T h e
h a m m e r m i l l p r o d u c e s r o u g h m e a l f o r sadza o r bogobe ( s t i f f p o r r i d g e ) a n d
tchwala ( t h i n p o r r i d g e ) i n S o u t h e r n A f r i c a . T h e s e p r o d u c t s are r o u g h i n
t e x t u r e a n d r e q u i r e la rger g r a i n m i l l e d p r o d u c t o f 5 0 0 - 8 0 0 u m g r a n u l a t i o n .
T h e h a m m e r m i l l f a b r i c a t e d a t R I I C has t h r e e m e s h sizes f o r d i f f e r e n t grades
o f m e a l .
H o w e v e r , f i n e r m e a l a n d f l o u r f o r same f o o d p r o d u c t s ( s t i f f a n d t h i n
p o r r i d g e s ) are o b t a i n e d f r o m r o l l e r m i l l . T h e f i n e r m e a l p r o d u c t s o f
g r a n u l a t i o n 3 0 0 - 5 0 0 u m are s o l d f o r h i g h e r p r i ces i n t h e m a r k e t . W h e n t h e
grains are c o n d i t i o n e d t o a b o u t 1 6 % m o i s t u r e a n d r o l l e r m i l l e d , t h e q u a l i t y
a n d y i e l d o f t h e f l o u r i s be t t e r , f i n e r a n d s m o o t h e r . D e h u l l e d g r a i n t h a t i s
r o l l e r - m i l l e d also gives c lose t o t h e q u a l i t y o b t a i n e d w i t h m o i s t u r e -
c o n d i t i o n e d r o l l e r m i l l i n g . I t i s t h i s t y p e o f f i n e f l o u r o f 2 5 0 - 5 0 0 u m
g r a n u l a t i o n t h a t i s r e q u i r e d f o r m a k i n g t h e s m o o t h p r o d u c t o f t o o r tuwo ( s t i f f
p o r r i d g e ) a n d ogi/akamu ( t h i n p o r r i d g e ) c o m m o n l y c o n s u m e d i n W e s t a n d
C e n t r a l A f r i c a . For c o m p o s i t e f l o u r ( w i t h w h e a t ) a n d b a k i n g f l o u r f o r f l a t o r
s e m i - l e a v e n e d breads ( k i s r a , injera) a n d b i s c u i t s , s u p e r f i n e f l o u r o f < 2 5 0 u m
g r a n u l a t i o n i s r e q u i r e d .
Milling equipment
T h e r e are several g o o d d e h u l l i n g a n d m i l l i n g m a c h i n e s t h a t have b e e n
f a b r i c a t e d o r m o d i f i e d i n S o u t h e r n A f r i c a ( S o u t h A f r i c a , B o t s w a n a a n d
Z i m b a b w e ) a n d East A f r i c a ( K e n y a ) . A m u l t i - c o m p o n e n t m i l l i n g l i n e f o r t h e
p r o d u c t i o n o f s o r g h u m m e a l was e s t ab l i shed b y t h e K e n y a I n d u s t r i a l Research
a n d D e v e l o p m e n t I n s t i t u t e ( K I R D I ) i n 1 9 8 5 a n d 1 9 9 1 a s p i l o t a n d smal l -sca le
c o m m e r c i a l p r o d u c t i o n p l a n t , r e spec t ive ly . I t s v i a b i l i t y a n d p r e s e n t s ta tus
needs i n v e s t i g a t i o n . A t t h e t i m e o f e s t a b l i s h m e n t , i t f u n c t i o n e d a s a s e m i -
d e t a c h e d f o u r - m a c h i n e r y s y s t e m l i n k e d w i t h i n t e n s i v e l a b o r o p e r a t i o n s . I t was
i n e f f i c i e n t . T h e M i l l r i t e g r i n d i n g m i l l f r o m Z i m b a b w e i s m o b i l e ( w h e e l s can
b e a t t a c h e d o r d e t a c h e d ) a n d p o r t a b l e w i t h f i n e sieves, a n d can b e m o u n t e d
o n p i c k u p v e h i c l e m a k i n g i t poss ib le t o m o v e a r o u n d t h e v i l l age o r m a r k e t
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cen te r s . T h u s i t can b e u sed f o r b o t h service a n d c o m m e r c i a l m i l l o p e r a t i o n s .
T h e s o r g h u m d e h u l l e r - h a m m e r m i l l c o m b i n e d m a c h i n e f r o m R I I C i s u n i q u e
a n d can b e set u p i n a l i n e s y s t e m f o r d e h u l l i n g and m i l l i n g i n one process . I t
c o u l d b e a b e t t e r a n d m o r e p r a c t i c a l m a c h i n e f o r t e s t i n g and a d a p t a t i o n f o r
s m a l l - a n d m e d i u m - s c a l e m i l l e r s i n t h e res t o f A f r i c a . A l s o i t can b e f a b r i c a t e d
a t R I I C t o b u y e r s ' / u s e r s ' spec i f i ca t ions , a n d 8 5 % o f i t s par t s are avai lable i n
B o t s w a n a o r W e s t A f r i c a . T h e M a x i m i l l e q u i p m e n t can b e o b t a i n e d w i t h f u l l
pa r t s f r o m S o u t h A f r i c a . O n e o u t s t a n d i n g d e v e l o p m e n t i n t h e process ing
e q u i p m e n t research i s t h e smal l -sca le , d o u b l e r o l l e r m i l l f r o m N a m i b i a . I t
p r o d u c e s s o r g h u m g r i t s a n d m e a l o f h i g h q u a l i t y . T h e r e i s n e e d f o r R & D t o
adap t i t t o p r o d u c e m e a l f r o m m i l l e t , a n d f i n e m e a l a n d f l o u r f r o m b o t h
s o r g h u m a n d m i l l e t . O n e o f t h e la tes t i n n o v a t i o n s i n p rocess ing e q u i p m e n t
f a b r i c a t i o n i s t h e d e v e l o p m e n t o f a f o n i o d e h u l l e r i n Senegal . T h e d e h u l l e r
seems t o b e v e r y e f f e c t i v e a n d can b e a d a p t e d f o r d e h u l l i n g o t h e r sma l l e r
m i l l e t grains l i k e f inge r m i l l e t .
Malting
S o r g h u m a n d m i l l e t s have b e e n t r a d i t i o n a l l y used f o r b r e w i n g c l o u d y a n d
opaque beers i n S o u t h e r n , Eas tern a n d C e n t r a l A f r i c a . T h e grains are used b o t h
i n t h e f o r m o f m a l t a n d u n m a l t e d ad junc t . I n S o u t h e r n a n d C e n t r a l A f r i c a ,
t r a d i t i o n a l beer b r e w i n g has l o n g been a large-scale c o m m e r c i a l en te rp r i se
(Taylor 1 9 9 2 , 1 9 9 3 ) . M o r e r e c e n t l y i n N i g e r i a , t echnolog ies have been
d e v e l o p e d t o c o m m e r c i a l l y b r e w clear lager beer and da rk s t o u t w i t h s o r g h u m
m a l t a n d s o r g h u m gra in a s ad junc t ( F I I R O 1 9 7 6 , O k a f o r a n d A n i c h e 1980 ,
O b i l a n a 1985 , O k o n and U w a i f o 1985 , A i s i e n 1990 , B o g u n j o k o 1992 , M u r t y e t
a l . 1 9 9 7 ) . These l a t t e r t echno log ies o f u t i l i z a t i o n i n c l u d i n g p r o d u c t i o n o f n o n -
a lcoho l i c s o r g h u m m a l t beverages by t h e b rewer i e s , a n d f o o d beverages by agro-
f o o d indus t r i e s i n N i g e r i a a n d S o u t h A f r i c a , have great p o t e n t i a l t h r o u g h o u t
S A T fo r w i d e s p r e a d c o m m e r c i a l i z a t i o n a n d i n c o m e d i v e r s i f i c a t i o n .
I n r e c e n t t i m e s , m u c h e f f o r t i s b e i n g m a d e t o i m p r o v e t h e q u a n t i t y a n d
q u a l i t y o f cereal p r o t e i n s b y u s i n g p rocess ing t e c h n i q u e s such a s m a l t i n g a n d
f e r m e n t a t i o n . E n h a n c i n g these e f f o r t s w o u l d p o s i t i v e l y r e s p o n d t o t h e
inc reas ing n e e d f o r r a i s ing t h e o v e r a l l n u t r i t i o n a l status a n d h e a l t h o f
c o n s u m e r s o f s o r g h u m a n d m i l l e t s , espec ia l ly i n t h e SAT. M a l t i n g , w h i c h
s i m p l y i nvo lves t h e l i m i t e d g e r m i n a t i o n o f cereals i n m o i s t a i r u n d e r
c o n t r o l l e d c o n d i t i o n s , i s a t e c h n i q u e t h a t can p o s i t i v e l y a f f ec t t h e p h y s i c o -
c h e m i c a l c o m p o s i t i o n o f cereals b y i m p r o v i n g t h e i r n u t r i t i o n a l va lue . T w o
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m e t h o d s have b e e n u s e d i n t h e c o m m e r c i a l m a l t i n g process i n S o u t h e r n
A f r i c a , name ly , f l o o r m a l t i n g ( large-space o p e n air g e r m i n a t i o n a n d d r y i n g o f
s t e e p e d gra ins) a n d p n e u m a t i c m a l t i n g . S t e e p i n g ( i n c o n i c a l s tee l vats o r
r e c t a n g u l a r c o n t a i n e r s ) i s c o m m o n t o b o t h m e t h o d s , b u t g e r m i n a t i o n a n d
d r y i n g are d i f f e r e n t . I n any o f these m a l t i n g processes ( m o r e s o i n t h e f l o o r
m a l t i n g ) i t i s v e r y d i f f i c u l t t o r e m o v e o r r e d u c e t h e heavy c o n t a m i n a t i o n w i t h
m o l d s , w h i c h are ser ious p r o b l e m s f a c e d w i t h m a l t i n g a n d k n o w n t o p r o d u c e
m y c o t o x i n s i n m a l t s . T h e t e c h n o l o g y o f m a l t i n g process has b e e n p e r f e c t e d i n
S o u t h A f r i c a a n d u s e d on a large c o m m e r c i a l scale. These m a l t i n g processes
r e s u l t i n g i n o p a q u e beers have b e e n d e s c r i b e d i n d e t a i l b y D a i b e r a n d T a y l o r
( 1 9 9 5 ) . I n e f f o r t s t o enhance use o f m a l t e d s o r g h u m a n d m i l l e t b y processors
f o r f o o d , d r i n k a n d h e a l t h o f c o n s u m e r s , c o l l a b o r a t i v e r e sea rch i s r e q u i r e d t o
d e v e l o p a n d i m p l e m e n t s i m p l e t e c h n o l o g i e s t o p r o d u c e g ra in o f g o o d
m i c r o b i a l q u a l i t y a n d t o p r e v e n t m o l d g r o w t h d u r i n g m a l t i n g .
Traditional sorghum and millet products and their
commercialization
T o increase a n d d ive r s i fy s o r g h u m and m i l l e t u t i l i z a t i o n , i t i s n o g o o d c o p y i n g
e x i s t i n g p r o d u c t s m a d e f r o m o t h e r cereals, eg, pasta. Gene ra l ly , these p r o d u c t s ,
i f m a d e f r o m s o r g h u m a n d m i l l e t s , b e c o m e i n f e r i o r a n d un favo rab l e t o c o m p e t e
w i t h those m a d e f r o m cereals w i t h t h e des i rable f u n c t i o n a l charac ter i s t ics . I t
t h e r e f o r e f o l l o w s t h a t such s u b s t i t u t e p r o d u c t s w i l l r e f l e c t b a d l y o n s o r g h u m
a n d m i l l e t s . T h e emphas i s s h o u l d t h e r e f o r e b e o n e x p l o i t i n g t h e p o t e n t i a l l y
usefu l i n t r i n s i c qua l i t i e s o f s o r g h u m and m i l l e t s , a n d hence d e v e l o p and p r o d u c e
u n i q u e a n d a l t e rna t i ve v a l u e - a d d e d p r o d u c t s . P r o d u c t i o n o f s u b s t i t u t e p r o d u c t s
us ing s o r g h u m and m i l l e t s , f o r w h i c h these cereals have no des i rable t r a i t s , has
been one o f t h e reasons fo r l i m i t e d c o m m e r c i a l successes i n us ing t h e m f o r
c o m p o s i t e b r e a d a n d b a k e d o r e x t r u d e d p r o d u c t s .
O n e o t h e r c o n c e r n i s t h e genera l e x p e c t a t i o n t h a t s o r g h u m a n d m i l l e t s
s h o u l d b e cheape r t h a n o t h e r cereals f o r t h e m t o b e c o m m e r c i a l l y u t i l i z e d i n
d i f f e r e n t e n d p r o d u c t s . I t i s n o t c o r r e c t t o t h i n k t h a t m i l l e t a n d s o r g h u m w i l l
be a cheap f i l l e r f o r o t h e r cereals . M i l l e t a n d s o r g h u m w i l l a n d s h o u l d a lways
be a t least e x p e n s i v e as o t h e r ce rea l gra ins . T h e cos t o f p r o d u c t i o n w i l l a lways
b e s imi l a r , a n d a t t e m p t s t o sel l at l o w e r p r i ces t h a n o t h e r cereals w i l l be
d i sadvan tageous a n d f u r t h e r i m p o v e r i s h t h e r e s o u r c e - p o o r f a r m e r s o f t h e SAT.
I t w i l l also r e n d e r t h e i r p r o d u c t i o n u n e c o n o m i c a l a n d n o t v i a b l e . Research i n t o
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t h e i r p r o d u c t i v i t y t o encourage p r ices a n d enhance use a s r a w m a t e r i a l s i n
i n d u s t r y i s inc reas ing a n d s h o u l d b e h i g h l y p r i o r i t i z e d across A f r i c a .
Primary foods: meal, flour, baked and steamed products
A s s t a t ed ear l ier , f o o d uses m u s t b e a p p r o p r i a t e t o t h e p a r t i c u l a r
cha rac te r i s t i c s o f m i l l e t a n d s o r g h u m . I n S o u t h e r n a n d C e n t r a l A f r i c a , v e r y
l i t t l e s o r g h u m a n d m i l l e t s f l o u r a n d m e a l i s u s e d i n s t i f f po r r i dges ( e x c e p t i n
B o t s w a n a as bogobe a n d in N a m i b i a as mhunga m e a l ) . T h i s is c o n t r a r y to t h e
s i t u a t i o n i n W e s t A f r i c a w h e r e s t i f f a n d t h i n p o r r i d g e s o f s o r g h u m a n d m i l l e t s
( w i t h couscous) are s tap le foods . I n K e n y a , h o w e v e r , a u n i q u e s i t u a t i o n exis ts
w h e r e t h i n p o r r i d g e s (uji m i x e s ) o f s o r g h u m , p e a r l m i l l e t a n d f inge r m i l l e t are
v e r y c o m m o n a n d c o m m e r c i a l l y avai lable i n s u p e r m a r k e t s , i n w e l l - p a c k a g e d
f o r m s on t h e shelf . S o m e t i m e s , these are also f o r t i f i e d w i t h soybean {Glycine 
max), o r c o m p o s i t e d w i t h w h e a t o r m a i z e f l o u r . W e be l i eve t h a t m o r e
i n t e n s i v e research i n t o t h e i m p r o v e m e n t o f p rocess ing a n d d e v e l o p m e n t o f
a l ready e x i s t i n g s t i f f (to/tuwo) a n d t h i n ( k a m u , ogi) p o r r i d g e f l ou r s , w i t h
b e t t e r packag ing i n t o r e a d y - m a d e p r o d u c t s o n t h e shelf , w i l l enhance
c o m m e r c i a l i z a t i o n o f such f o o d p r o d u c t s i n W e s t A f r i c a .
N e i t h e r s o r g h u m nor m i l l e t grains possess g l u t e n . T h u s t h e y cannot
subs t i tu te d i r e c t l y fo r w h e a t i n b read and o the r b a k e d goods. H o w e v e r , w i t h g o o d
m i l l i n g technologies (and appropr ia te hand l ing o f t h e amylose a n d a m y l o p e c t i n i n
t h e grains) to p r o d u c e suitable f lour , m e a l and gri ts , a w i d e range o f exce l l en t
t e x t u r e d baked and s teamed f o o d p roduc t s can be p r o d u c e d , fo r example ,
couscous, s t eamed and deep- f r i ed d u m p l i n g s , f la t breads such as chapati a n d
t o r t i l l a , and even semi- leavened breads such as injera and kisra. N e t w o r k i n g
t h r o u g h o u t A f r i c a w i l l b r i n g these p roduc t s and t h e technologies t o p r o d u c e t h e m
t o t h e a t t e n t i o n o f people i n d i f f e r en t parts o f t h e c o n t i n e n t w h o h a d n o t been
fami l i a r w i t h t h e m . A n e x a m p l e i s t h e in terchange b e t w e e n N a m i b i a and Senegal.
In N a m i b i a , pear l m i l l e t po r r idge i s a staple, and t h e concep t o f using pear l m i l l e t
to m a k e couscous as is done in Senegal has e l i c i t e d great in teres t .
Levels of industrial utilization: processing of secondary foods
and products
E s t i m a t e s o f t h e q u a n t i t i e s o f g r a in b e i n g i n d u s t r i a l l y p rocessed are d i f f i c u l t t o
o b t a i n . A p a r t i a l s u m m a r y o f avai lable es t ima tes f o r s o r g h u m a n d p e a r l m i l l e t
i s o u t l i n e d i n Table 4 . T h i s i n c l u d e s e s t ima tes f o r B o t s w a n a , K e n y a , M a l i ,
N i g e r i a , R w a n d a , S o u t h A f r i c a , Tanzania, U g a n d a a n d Z i m b a b w e .
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Table 4 . E x a m p l e s o f c o m m e r c i a l ut i l izat ion o f s o r g h u m a n d pear l mil let in S u b -
S a h a r a n Afr ica annual ly .
Country
South Africa (2001/02)
Nigeria
(1992 estimates)
(19S5 estimates)
(2005 projections)
Botswana
(1999 estimates)
Zimbabwe
(2000 estimates)
Tanzania
(2002 estimates)
Kenya
(2003 estimates)
Niger
(2000 estimates)
Rwanda
(1998 estimates)
Uganda
(2002 estimates)
Sorghum
113,000 t malt ; 
66,000 t meal;
11,300 t grits;
16,200 t animal feed
120,000 t brewing (malt
and adjunct);
17,000 t malt/malt extracts
for food and beverages;
25,000 t animal feed
200,000 t brewing;
25,000 t food industry
1,500,000 t both brewing
and food industries
60,000 t meal;
4,000 t malt
17,500 t brewing (mostly
malt);
1,800 t animal feed;
150 t meal
1000 t brewing (mostly
adjunct);
80 t meal;
800 t school feeding
program;
5 t animal feed
100 t meal-based food
products
50 t biscuit flour
<51 for couscous
2000 t brewing (mainly
adjunct)
<50 t brewing (mainly
adjunct)
Pearl millet
No significant commercial
utilization
No significant commercial
utilization; but about 1,000,000 t 
informally exported to five
sorrounding countries annually
in cross border trading
No significant commercial
utilization
75 t animal feed;
30 t brewing
No significant utilization
15 t food products;
50 t finger millet for breakfast
porridge mixes
No significant utilization
No significant production;
finger millet informally used
No significant production;
100 t finger millet for composite flour
beverage/food products
Source: Bogunjoko (1992), Rohrbach et al. (1993), Rohrbach (2000), Rohrbach et al. (2000), Rohrbach and Kiriwaggulu
(2001), SAGIS (2003); and ICRISAT data files.
I n general, t h e level o f i ndus t r i a l processing appears m o r e closely re la ted t o
pe r capi ta i n c o m e levels t h a n t o t h e quant i t i es o f grain p r o d u c e d . Niger ia , Sudan,
E th iop ia , B u r k i n a Faso and Tanzania are t h e largest p roducers o f s o r g h u m in Sub-
Saharan A f r i c a , accoun t ing fo r about 7 5 % o f t h e region's p r o d u c t i o n . H o w e v e r ,
S o u t h A f r i c a i s t h e largest c o m m e r c i a l processor o f th i s grain. I t has one o f t h e
highest per capi ta i n c o m e levels in Sub-Saharan A f r i c a , and one o f t h e strongest
agro- indus t r ia l bases. I t also has one of t h e highest levels o f u rban iza t ion .
S o u t h A f r i c a a n n u a l l y p r o d u c e s 2 0 0 , 0 0 0 - 3 0 0 , 0 0 0 t o f s o r g h u m , f r o m
w h i c h u p t o 2 0 6 , 5 0 0 t can b e c o m m e r c i a l l y p rocessed (Table 4 ) . A n a d d i t i o n a l
5 0 , 0 0 0 t o 6 0 , 0 0 0 t o f g r a i n was e x p o r t e d . V i r t u a l l y a l l o f t h i s g r a in was
o b t a i n e d f r o m less t h a n 1 0 0 0 large-scale c o m m e r c i a l f a r m e r s .
A b o u t 9 0 % o f S o u t h Af r i ca ' s c o m m e r c i a l l y processed so rghum i s used for
f o o d p r o d u c t s . T h e m a j o r i t y o f th i s i s a l loca ted t o t h e p r o d u c t i o n o f opaque beer
m a l t . T h i s inc ludes gra in m a l t e d fo r sale as beer p o w d e r as w e l l as gra in m a l t e d and
used d i r e c t l y by t h e indus t r i a l b rewer ies . A p p r o x i m a t e l y 6 5 , 0 0 0 t i s m i l l e d and
so ld as s o r g h u m m e a l . T h e r e m a i n i n g 10% of i ndus t r i a l u t i l i z a t i o n i s a ccoun ted fo r
by t h e an ima l feed indus t ry . Pearl m i l l e t i s g r o w n c o m m e r c i a l l y in S o u t h A f r i c a as
a forage grass a n d v i r t u a l l y none of t h e gra in is c o m m e r c i a l l y processed.
T h e s econd largest c o m m e r c i a l p rocessor f o r w h i c h da ta are avai lable i s
N i g e r i a . T h i s c o u n t r y a n n u a l l y p r o d u c e s a b o u t 7.5 m i l l i o n t o f s o r g h u m a n d
5.8 m i l l i o n t o f m i l l e t . Es t ima te s d e r i v e d f r o m a su rvey c o n d u c t e d b y t h e
I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s ( I C R I S A T )
in 1 9 9 2 suggest a b o u t 1 5 0 , 0 0 0 t o f s o r g h u m is c o m m e r c i a l l y p rocessed -
a b o u t 2 % o f annua l p r o d u c t i o n . M o s t o f t h i s i s used a s a source o f s t a r c h i n t h e
b r e w i n g o f lager beer, o r a s a source o f m a l t i n t h e p r o d u c t i o n o f n o n - a l c o h o l i c
m a l t d r i n k s . A r e s idua l o f a b o u t 1 7 , 0 0 0 t a n d 2 5 , 0 0 0 t are e s t i m a t e d to be
u s e d i n t h e a g r o - f o o d a n d a n i m a l f e e d i n d u s t r i e s , respec t ive ly . L a t e r e s t ima te s
f r o m t h e b r e w e r i e s a n d f o o d i n d u s t r i e s i n 1 9 9 5 a n d p r o j e c t i o n s fo r 2 0 0 5 s h o w
increases i n use o f s o r g h u m a s m a l t a n d a d j u n c t t o b e a b o u t 2 0 0 , 0 0 0 t b r e w i n g
( m a l t a n d a d j u n c t ) , 2 5 , 0 0 0 t f o o d beverages a n d 1 m i l l i o n t b r e w i n g a n d f o o d
beverages. H o w e v e r , 9 0 % o f s o r g h u m p r o d u c t i o n , a n d v i r t u a l l y a l l p e a r l m i l l e t
p r o d u c t i o n , i s s t i l l c o n s u m e d w i t h o u t c o m m e r c i a l p rocess ing .
B o t s w a n a i s t h e t h i r d largest c o m m e r c i a l processor o f s o r g h u m . A n
e s t i m a t e d 6 0 , 0 0 0 t o f s o r g h u m i s c o m m e r c i a l l y p rocessed b y t h e m i l l i n g
i n d u s t r y i n t o s o r g h u m m e a l , d e s p i t e t h e fac t t h a t t h i s c o u n t r y o n l y p r o d u c e s
a b o u t 1 1 , 0 0 0 t o f g r a i n annual ly . T h e c o m b i n a t i o n o f r i s i n g i n c o m e s a n d r a p i d
u r b a n i z a t i o n has l e d t o a sharp increase i n t h e d e m a n d f o r c o m m e r c i a l l y
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proces sed m e a l . I n a d d i t i o n , t h e g o v e r n m e n t has p e r i o d i c a l l y p u r c h a s e d a 
s o r g h u m - b a s e d w e a n i n g f o o d f o r use i n d r o u g h t r e l i e f p r o g r a m s . A n e s t i m a t e d
4 , 0 0 0 t o f s o r g h u m i s u s e d a s m a l t f o r t h e c o m m e r c i a l p r o d u c t i o n o f o p a q u e
beer . T h i s i s e n t i r e l y i m p o r t e d a s p rocessed m a l t . V i r t u a l l y no s o r g h u m i s u s e d
i n a n i m a l feeds . S m a l l a m o u n t s o f p e a r l m i l l e t are p r o d u c e d i n B o t s w a n a , b u t
n o t c o m m e r c i a l l y p rocessed .
Z i m b a b w e annua l ly p roduces abou t 1 0 0 , 0 0 0 t o f s o r g h u m and 4 5 , 0 0 0 t o f
pear l m i l l e t . A b o u t 2 0 % o f t h e s o r g h u m i s c o m m e r c i a l l y processed, m o s t l y for use
as m a l t i n t h e opaque beer indus t ry . T h e an ima l f eed i n d u s t r y w i l l use s o r g h u m i f
th i s i s available a t pr ices substant ia l ly l o w e r t h a n t h e p r i ce o f maize . H o w e v e r ,
average levels o f u t i l i z a t i o n r e m a i n smal l . Several m i l l e r s have expressed in te res t
i n t h e c o m m e r c i a l p r o d u c t i o n o f s o r g h u m m e a l . B u t i nves tmen t s here have
r e c e n t l y been cons t r a ined b y gra in p r i ce a n d m o v e m e n t con t ro l s . Sma l l quan t i t i e s
o f pear l m i l l e t are also used fo r beer m a l t and an ima l feed .
Tanzania annual ly p roduces abou t 7 5 0 , 0 0 0 t o f s o r g h u m , b u t c o m m e r c i a l l y
processes less t h a n 2 , 0 0 0 t on an annual basis. A p p r o x i m a t e l y one -ha l f of t h i s is
used fo r t h e p r o d u c t i o n o f opaque beer, t h o u g h e n t i r e l y as a source o f s tarch. T h e
single, c o m m e r c i a l opaque beer b r e w e r i n t h e c o u n t r y i m p o r t s i ts m a l t
r e q u i r e m e n t s f r o m S o u t h A f r i c a . A p p r o x i m a t e l y 100 t o f gra in are processed each
year fo r sale as s o r g h u m m e a l . In 2 0 0 2 , 8 0 0 t o f s o r g h u m grain was processed, fo r
t h e f i r s t t i m e , fo r school feed ing p rograms . Tanzania produces about 1 7 5 , 0 0 0 t o f
pear l m i l l e t , b u t v i r t u a l l y none o f t h i s i s i n d u s t r i a l l y processed.
K e n y a p r o d u c e s a b o u t 1 3 0 , 0 0 0 t o f s o r g h u m a n n u a l l y b u t i n d u s t r i a l l y
processes o n l y a b o u t 1 0 0 t yr - 1 i n t o m e a l - b a s e d p r o d u c t s such as b reakfas t
foods . Less t h a n 15 t o f t h e c o u n t r y ' s 3 0 , 0 0 0 t pea r l m i l l e t i s i n d u s t r i a l l y
p rocessed .
N i g e r a n n u a l l y p r o d u c e s a b o u t 5 0 0 , 0 0 0 t o f s o r g h u m . B u t he re also,
c o m m e r c i a l p rocess ing r e m a i n s e x t r e m e l y l i m i t e d . O n e b a k e r has r e c e n t l y
e x p e r i m e n t e d w i t h t h e use o f a b o u t 5 0 t o f s o r g h u m i n t h e p r o d u c t i o n o f
s w e e t b i s c u i t s . A s m a l l a m o u n t o f g r a in i s p roces sed a n d c o m m e r c i a l l y s o l d a s
couscous . V i r t u a l l y n o n e o f t h e c o u n t r y ' s 1.5 m i l l i o n t p e a r l m i l l e t i s
i n d u s t r i a l l y p rocessed .
B o t h R w a n d a a n d U g a n d a also c o m m e r c i a l l y process s o r g h u m , b u t i n
v e r y s m a l l q u a n t i t i e s . I n R w a n d a , f r o m t h e b r e w e r y ' s 1 9 9 8 e s t ima tes , a b o u t
2 0 0 0 t o f s o r g h u m i s u s e d a s a d j u n c t f o r lager bee r b r e w i n g . Uganda ' s use o f
s o r g h u m c o m m e r c i a l l y i s o n l y j u s t b e g i n n i n g a n d i s s t i l l less t h a n 50 t a d j u n c t ,
annua l ly .
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T h e i n d u s t r i a l p rocess ing o f s o r g h u m a n d p e a r l m i l l e t i n A f r i c a has la rge ly
d e v e l o p e d a s a c o m m e r c i a l i n v e s t m e n t i n t h e s u p p l y o f t r a d i t i o n a l f o o d a n d
beverage p r o d u c t s .
Beers and malt drinks
T h e m o s t c o m m o n c o m m e r c i a l use o f so rghum, sou th o f t h e Sahara, i s i n t he
p r o d u c t i o n o f opaque beer ( s o r g h u m bee r ) , clear lager beer and m a l t p roduc t s .
O p a q u e s o r g h u m beer i s a t r a d i t i o n a l d r i n k in m u c h o f Eastern and Sou the rn
A f r i c a . T h i s i s c o m m o n l y b r e w e d by f a r m households seeking t o s u p p l e m e n t t h e i r
i n c o m e o r by small-scale t raders associated w i t h pe r i -u rban marke t s . As incomes
have increased, s o r g h u m beer p r o d u c t i o n has been c o m m e r c i a l i z e d . Th i s provides
u r b a n consumers a m o r e conven ien t and consis tent p r o d u c t . In some count r ies ,
pa r t i cu l a r ly i n S o u t h e r n A f r i c a , p o w d e r e d beer m a l t i s so ld to households seeking
to p r o d u c e t h e i r o w n beer. In Niger ia , w h e r e clear lager beer and s tou t are
p ionee red using s o r g h u m m a l t o r adjunct , non-a lcohol ic m a l t d r i n k s of fe r a re la ted
beverage to pregnant w o m e n , lac ta t ing m o t h e r s , convalescents, inval ids and t h e
M o s l e m popula t ions . These m a l t d r i nks are n o w also be ing so ld in Eastern A f r i c a .
Preferences f o r s o r g h u m - b a s e d beer a l l o w some b r e w e r s to o f f e r a 
p r e m i u m p r i c e f o r s o r g h u m used f o r m a l t i n g . H o w e v e r , t h e r e are l i m i t s t o t h i s
advantage . Shortages o f c lean s o r g h u m have l e d o p a q u e b r e w e r s i n Z a m b i a
a n d Tanzania t o p r o d u c e 1 0 0 % ma ize beer us ing i n d u s t r i a l enzymes a s m a l t .
B r e w e r s u n w i l l i n g t o inves t i n m a l t i n g m a y use s o r g h u m s i m p l y a s a s t a rch
source a d d i n g a t r a d i t i o n a l f l avo r a n d c o l o r t o t h e i r beer. T h e q u a n t i t y o f
s o r g h u m used , c o m p a r e d w i t h a l t e r n a t i v e sources o f s t a rch such a s m a i z e ,
d e p e n d s o n t h e r e l a t i v e g r a i n p r i ces .
S o r g h u m use a s m a l t o r s t a r c h source ( a d j u n c t ) i n t h e p r o d u c t i o n o f lager
beer a n d s t o u t i s inc reas ing i n W e s t A f r i c a , t h o u g h r ema ins r e l a t i v e l y rare i n
Eas te rn a n d S o u t h e r n A f r i c a . B r e w e r i e s i n N i g e r i a s t a r t e d us ing s o r g h u m a s
m a l t ( w i t h 1 0 0 % r e p l a c e m e n t o f b a r l e y m a l t ) a s far b a c k a s 1 9 8 7 , a n d a s
a d j u n c t l a t e r w h e n t h e p r i c e d r o p p e d b e l o w t h a t o f ma ize a n d also w h e n
i m p o r t e d enzymes w e r e b e i n g u sed i n t h e b r e w i n g process. H o w e v e r , b r e w e r s
i n m o s t Eas te rn a n d S o u t h e r n A f r i c a n c o u n t r i e s have been r e l u c t a n t t o p u r s u e
s u c h e x p e r i m e n t a t i o n , e x c e p t i n R w a n d a a n d U g a n d a w h e r e s o r g h u m i s n o w
b e i n g u s e d m a i n l y a s a d j u n c t i n c lear lager bee r p r o d u c t i o n .
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T h e m a i n t r a d i t i o n a l use o f s o r g h u m a n d pea r l m i l l e t i s a s a t h i n o r t h i c k e n e d
p o r r i d g e . H o w e v e r , i n d u s t r i a l p rocess ing o f s o r g h u m a n d p e a r l m i l l e t m e a l has
b e e n r e l a t i v e l y l i m i t e d . M a i z e i s t h e m o s t c o m m o n i n d u s t r i a l l y m i l l e d g ra in i n
Sub-Saharan A f r i c a , a n d w h e a t p rocess ing i s r a p i d l y g r o w i n g a s p u r e o r
c o m p o s i t e f l o u r s f o r b a k i n g .
T h e d o m i n a n c e o f ma ize m i l l i n g , p a r t i c u l a r l y i n Eas te rn a n d S o u t h e r n
A f r i c a , can b e a t t r i b u t e d , i n pa r t , t o t h e r e l a t i v e l y h ighe r p r o d u c t i v i t y o f ma ize
g r o w n i n t h e region ' s h i g h e r r a i n f a l l zones. H o w e v e r , c o m m e r c i a l i n v e s t m e n t s i n
ma ize p r o d u c t i o n a n d process ing have also b e e n r e i n f o r c e d b y h i s t o r i c a l m a r k e t
suppor t s f a v o r i n g t h i s c r o p . These i n c l u d e p r i c e suppor t s a n d p u b l i c
s t o c k h o l d i n g a r rangements . I n regions o f W e s t A f r i c a w h e r e s o r g h u m a n d pea r l
m i l l e t are d o m i n a n t , i n d u s t r i a l g ra in m i l l i n g systems are s i m p l y less d e v e l o p e d .
O n e o f t h e m a i n c o n s t r a i n t s t o i n d u s t r i a l m i l l i n g o f s o r g h u m a n d p e a r l
m i l l e t i s t h e c o n t a m i n a t i o n o f g r a i n w i t h sand a n d s tones . T h i s r esu l t s f r o m t h e
c o m m o n p r a c t i c e o f t h r e s h i n g t h e g r a i n o n t h e g r o u n d , a n d t h e n s w e e p i n g t h e
t h r e s h e d p r o d u c t i n t o g ra in bags d e s t i n e d f o r t h e m a r k e t . T h e c leanl iness o f
s o r g h u m g r a i n s u p p l i e d t o t h e m i l l i n g i n d u s t r i e s i n S o u t h A f r i c a a n d B o t s w a n a
i s assured because t h i s g r a i n i s a l l m e c h a n i c a l l y h a r v e s t e d a n d t h r e s h e d .
E x p e r i m e n t a t i o n w i t h t h e use o f smal l - sca le t h re she r s , h o w e v e r , f a i l e d i n
Z i m b a b w e because m i l l e r s c o u l d s t i l l n o t assure t h a t a l l g r a in bags d e l i v e r e d t o
t h e f a c t o r y gate w e r e c l ean . T h i s has l e d t o m o r e successful e x p e r i m e n t a t i o n
w i t h m e c h a n i c a l g r a i n c l e a n i n g sys tems i n v o l v i n g screens, a s p i r a t i o n sys tems
a n d des tone r s . B u t t h e cos t o f t h i s e q u i p m e n t r e m a i n s p r o h i b i t i v e w i t h o u t
t h r o u g h p u t o f a t least 5 , 0 0 0 t o 1 0 , 0 0 0 t y r - 1 .
N o n e t h e l e s s , once g r a i n s u p p l y c o n s t r a i n t s are r e s o l v e d , t h e e x p e r i e n c e s
o f S o u t h A f r i c a a n d B o t s w a n a s h o w t h a t s o r g h u m m e a l can b e s o l d a t p r i ces
c o m p e t i t i v e w i t h m a i z e m e a l o n t h e r e t a i l m a r k e t . S i m i l a r i n d u s t r i e s can b e
e x p e c t e d t o d e v e l o p i n o t h e r pa r t s o f t h e c o n t i n e n t a s i n c o m e s g r o w a n d
c o u n t r i e s b e c o m e m o r e u r b a n i z e d . T h e p r o s p e c t s f o r c o m m e r c i a l p r o d u c t i o n
o f p e a r l m i l l e t m e a l are less c e r t a i n because o f t h e h i g h e r cos t a n d less
c o n s i s t e n t s u p p l y o f t h i s c r o p .
Livestock feed
M o r e t h a n 9 5 % o f t h e s o r g h u m p r o d u c e d i n h i g h e r i n c o m e , i n d u s t r i a l i z e d
c o u n t r i e s , a n d t h e m a j o r i t y o f m i l l e t are u s e d f o r a n i m a l f e e d ( I C R I S A T a n d
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F A O 1 9 9 6 ) . I n con t r a s t , t h e levels o f s o r g h u m a n d m i l l e t use f o r f e e d i n Sub-
Saharan A f r i c a r e m a i n e x t r e m e l y l i m i t e d . T h e j u s t i f i c a t i o n s f o r t h i s l i m i t e d
u t i l i z a t i o n m e r i t f u r t h e r i n v e s t i g a t i o n .
Part o f t h e p r o b l e m i s t h a t a n i m a l f eed m a n u f a c t u r e r s lack cons i s t en t
access t o l o w p r i c e d g r a in . C h e a p g ra in m a y be w i d e l y avai lable af ter a 
p a r t i c u l a r l y f avorab le r a i n y season. B u t t h i s g ra in becomes, p r o h i b i t i v e l y
e x p e n s i v e f o l l o w i n g d r o u g h t . S ince d r o u g h t i s m o s t c o m m o n i n s o r g h u m and
p e a r l m i l l e t g r o w i n g regions , p r i c e f l u c t u a t i o n s are c o m m o n . Such v a r i a b i l i t y
o f g r a i n s u p p l y also d e m a n d s f l e x i b i l i t y i n f e e d f o r m u l a t i o n s , a p r ac t i c e easier
f o r large e x p e r i e n c e d f eed m a n u f a c t u r e r s t h a n smal ler , n e w e r ope ra t ions .
N o n e t h e l e s s , g ra in p r i c e c o m p e t i t i v e n e s s m a y be less o f a p r o b l e m t h a n
c o m m o n u n c e r t a i n t y a b o u t t h e f e e d va lue o f s o r g h u m a n d pea r l m i l l e t .
I n f o r m a l I C R I S A T i n t e r v i e w s w i t h a n i m a l f e e d m a n u f a c t u r e r s i n Bo t swana ,
N i g e r i a , Tanzania a n d Z i m b a b w e revea l c o m m o n m i s c o n c e p t i o n s a b o u t
t a n n i n s . W e have h e a r d a r g u m e n t s t h a t ' t h e t a n n i n s i n s o r g h u m k i l l e d m y
c h i c k e n s ' o r t h a t ' a l l s o r g h u m has t a n n i n ' . R e l a t e d ques t i ons arise a b o u t t h e
r isks o f m y c o t o x i n s . S o m e argue t h a t t h e d i g e s t i b i l i t y o f s o r g h u m i s 2 5 - 3 0 %
l o w e r t h a n t h a t o f m a i z e . O t h e r s c o m p l a i n a b o u t l o w p r o t e i n levels o r t h e l ack
o f a m i n o acids . D a t a a b o u t f e e d values f r o m u n i v e r s i t y l abo ra to r i e s a n d
research t r i a l s are d i s c o u n t e d . M a n u f a c t u r e r s argue t h a t t h e y n e e d p r o o f o f
t h e va lue o f these grains f r o m o t h e r f e e d m a n u f a c t u r e r s i n A f r i c a .
I n a d d i t i o n , f eed m a n u f a c t u r e r s c o m p l a i n t h a t s o r g h u m , i n p a r t i c u l a r ,
does n o t m i l l w e l l . W h e r e a s ma ize can be c r a c k e d i n a h a m m e r m i l l , so f t e r
s o r g h u m grains m i l l t o p o w d e r ; t h i s i s said t o f u r t h e r r e d u c e f e e d e f f i c i ency .
W e k n o w , h o w e v e r , t h a t t h e r e are var ie t ies a n d t y p e s o f s o r g h u m t h a t
have v e r y h a r d grains w i t h h i g h m i l l i n g y i e ld s , especia l ly t h e w h i t e - g r a i n e d
s o r g h u m s a n d some r e d - g r a i n e d var ie t i es , b o t h o f w h i c h have n o t a n n i n s
(Table 2 ) . S ince t h e f e e d m i l l e r s ' and f a r m e r s ' be l ie f s are e r roneous , m o r e
research data a n d i n f o r m a t i o n n e ed t o b e gene ra t ed i n c o l l a b o r a t i o n w i t h t h e
f e e d m a n u f a c t u r e r s a n d m a d e w i d e l y avai lable t o t h e users.
I n f o r m a t i o n o n t h e use o f s o r g h u m and m i l l e t s fo r l ives tock f eed i n
r u m i n a n t s , monogas t r i c s and p o u l t r y i s scanty b u t available in disaggregated
f o r m s . W e be l i eve , howeve r , t h a t a n i m a l scientis ts a n d c o m m e r c i a l f a rmers have
precise data a b o u t t h e f eed value o f d i f f e r e n t types o f s o r g h u m grain ( w h i t e , r e d
o r b r o w n ) , w h o l e p l a n t (forage, silage o r c r o p res idue) , a n d m i l l i n g / m a l t i n g
b y p r o d u c t s ( b r a n / b r e w e r s was t e / spen t grain) fo r d i f f e r e n t f eed ing app l i ca t ions .
S u c h k n o w - h o w a n d p rec i s ion i n f o r m a t i o n need t o b e e f f ec t ive ly shared a m o n g
R & D specialists a n d o t h e r processors / farmers i n A f r i c a t o b e able t o m o v e u p
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f r o m t h e p la teau o f l i t t l e r e s t r i c t e d use t o larger scale a n d w i d e r use o f so rghums
i n l i ves tock f e e d t o ach ieve c r o p d i v e r s i f i c a t i o n o f r a w ma te r i a l s a n d
c o m m e r c i a l i z a t i o n goals. T h e leve l o f e x p e r t k n o w - h o w a b o u t f e e d va lue o f
va r ious m i l l e t s i s p r e s u m a b l y g o o d b u t less prec ise a n d less k n o w n .
A t w o - p r o n g e d e f f o r t i s r e q u i r e d to increase s o r g h u m use as l i ves tock f e e d .
F i rs t ly , f a r m e r s a n d f e e d s t o c k m a n u f a c t u r e r s m u s t b e m a d e aware o f a n d
t r a i n e d i n t h e use o f ' a l ka l i -b leach tes t ' , a s i m p l e tes t f o r d i s t i ngu i sh ing b e t w e e n
t a n n i n ( b r o w n ) a n d c o n d e n s e d t a n n i n - f r e e ( w h i t e a n d r e d ) s o r g h u m gra in .
Second ly , a n i m a l sc ient is ts m u s t co l l abo ra te a n d r u n f e e d i n g t r ia ls us ing
s o r g h u m a n d m i l l e t s w i t h f a r m e r s a n d f e e d s t o c k m a n u f a c t u r e r s t o s h o w t h e m
t h e t r u e f e e d va lue o f m i l l e t a n d s o r g h u m t y p e s i n var ious app l i ca t i ons .
O n e such e x a m p l e i s t h e ca t t l e f e e d p r o g r a m cons ide red by ca t t l e p roduce rs
i n Z i m b a b w e d u r i n g t h e m i d - 1 9 9 0 s w h e n t h e r e was d e f i c i t o f t h e p o p u l a r l y used
ma ize c r o p ( in f o o d and f e e d ) . T h e ca t t l e f eed p r o g r a m , deve loped b y t h e C a t t l e
Producers Assoc ia t ion ( C P A ) , Z i m b a b w e has a ra t io o f 5 0 % maize : 5 0 % so rg h um
( D i e t A ) . T h e ca t t le equ iva lence ( f eed va lue) ob ta i ned i n t h e use o f th is f eed
ra t i on c o m p a r e d to w h o l e ma ize ( D i e t B ) i s s h o w n i n Table 5 . T h e f e e d p r o g r a m
ra t i on ( D i e t A ) gave h igher da i ly gains o f steers (8 .6%) and equal f eed convers ion
ra t i o c o m p a r e d w i t h w h o l e ma ize ra t i on ( D i e t B ) . A c c o r d i n g t o t h e C P A , t h e
f a r m e r us ing th i s t es ted ca t t l e f e e d i n D i e t A , n e e d on l y p u t t h e s o r g h u m t h r o u g h
a h a m m e r m i l l , w i t h o u t us ing t h e screen ( th is w i l l ensure t h a t t h e gra in i s j us t
c rushed and n o t m i l l e d i n t o a mea l ) and o u t i n t o t h e f eed . T h e C P A has observed
t h a t b o t h r e d a n d w h i t e so rghums are su i tab le f o r r u m i n a n t s t ock feed (ca t t le and
sheep) b u t w h i t e i s b e t t e r su i t ed f o r monogas t r i c (pigs and p o u l t r y ) r e q u i r e m e n t s .
T h i s i s ' f eed f o r t h o u g h t ' f o r t h e rest o f A f r i c a i n t h e d e v e l o p m e n t and p r o m o t i o n
o f s o r g h u m and m i l l e t i n l i ves tock (an imals a n d p o u l t r y ) f eed use.
Table 5. Cattle equivalence resulting from feeding trials using two diets in
Zimbabwe1 .
Components/Observations
Maize (%)
Sorghum (red) (%)
No. of steers in trial
Initial liveweight (kg)
84-day daily gain (kg day1)
Feed conversion ratio (kg kg1)
Diet A 
32.23
32.23
20
276
1.65
7.25
Diet B 
63.9
0
21
281
1.52
7.22
1. Diet A contains 50% maize and 50% sorghum; Diet B contains 100% maize.
Source: Anonymous (1998).
Food products
C o n v e n t i o n a l f o o d p r o d u c t s l i k e s t i f f a n d t h i n p o r r i d g e s o f v a r i o u s t y p e s
f r o m d i f f e r e n t processes are a l r e a d y ava i lab le i n A f r i c a . I n d i g e n o u s
k n o w l e d g e a n d i n d u s t r i a l t e c h n o l o g i e s i n i t s r u d i m e n t a r y stages are also
ava i l ab le . T h i s e x p e r t i s e , a s e a r l i e r s t a t e d , i s h i g h l y d i saggrega ted a n d
c o m p a r t m e n t a l i z e d i n large-scale a n d smal l - sca le i n d u s t r i e s and en te rp r i se s ,
f a r m e r g r o u p s , a n d r e sea rch o r g a n i z a t i o n s , p r i v a t e o r p u b l i c , a n d also cu t s
across c o u n t r i e s a n d r eg ions . C o m p l i c a t i n g t h i s p r o b l e m i s t h e l ack o f
awareness o f e x p e r t i s e t h a t ex i s t s w i t h o t h e r s . V e r y c lose c o l l a b o r a t i o n a n d
l inkages w i l l n e e d t o b e f o r g e d a m o n g a l l s t a k e h o l d e r s f o r d e v e l o p i n g ,
t e s t i n g , i m p r o v i n g e x i s t i n g ones a n d p r o m o t i n g end-use f o o d p r o d u c t s f r o m
s o r g h u m a n d m i l l e t s . I n f o r m a t i o n f l o w a n d t e c h n o l o g y exchange process
s h o u l d b e i m p r o v e d a n d s t r e n g t h e n e d . T h e r e w i l l b e a n e e d f o r c o n t i n u e d
i n t e n s e t r a i n i n g o f f o o d s c i en t i s t s a n d t e c h n o l o g i s t s i n A f r i c a . E f f e c t i v e
n e t w o r k i n g a m o n g r e g i o n a l n e t w o r k s a n d r e l a t e d o r g a n i z a t i o n s , p u b l i c a n d
p r i v a t e , i s i m p e r a t i v e .
T h e N a m i b i a n M i n i s t r y o f H i g h e r E d u c a t i o n w i t h assistance o f F A O i s
i m p l e m e n t i n g a v e r y i n d i g e n o u s p r o j e c t f o r t h e d e v e l o p m e n t a n d p r o m o t i o n
o f n e w p e a r l m i l l e t p r o d u c t s . T h e C o u n c i l f o r S c i e n t i f i c a n d I n d u s t r i a l
Research i n S o u t h A f r i c a are p r o d u c i n g s a m p l e q u a n t i t i e s o f a range o f
c o n c e p t p r o d u c t s , such as i n s t a n t p o r r i d g e s a n d snack f o o d s . T h e s e w i l l b e
c o n s u m e r e v a l u a t e d i n N a m i b i a t o d e t e r m i n e t h e p r e f e r r e d c o n c e p t
p r o d u c t s . A t t h e same t i m e a p e a r l m i l l e t f o o d p r o d u c t m a n u f a c t u r i n g
t r a i n i n g f a c i l i t y i s b e i n g c o n s t r u c t e d i n n o r t h e r n N a m i b i a . F o o d t e c h n o l o g i s t s
at t h e f a c i l i t y w i l l t r a i n e n t r e p r e n e u r s t o m a n u f a c t u r e t he se p r o d u c t s . T h i s
p r o j e c t s h o u l d serve a s a m o d e l f o r o t h e r m i l l e t a n d s o r g h u m p r o d u c i n g
c o u n t r i e s t o f o l l o w .
Novel food products and traits
T h e r e are n o v e l f o o d p r o d u c t s w h i c h c o u l d b e veh ic les f o r i m p r o v i n g n u t r i t i o n
a n d h e a l t h o f c o n s u m e r s a n d d i v e r s i f y i n c o m e sources o f p r o d u c e r s a n d
processors . T h e y c o u l d also b e s u f f i c i e n t l y a t t r a c t i v e f o r resource
m o b i l i z a t i o n . S o m e o f these n o v e l foods are a l ready be ing l o o k e d i n t o i n S o u t h
A f r i c a , l i k e P o w e r F l o w o t h e r w i s e k n o w n a s A m y l a s e R i c h F lour . T h i s f l o u r i s
u s e d t o t h i n w e a n i n g p o r r i d g e s t o m a k e t h e m m o r e pa la tab le a n d increase
t h e i r n u t r i e n t dens i ty . O t h e r s i n c l u d e : M a l t a b e l a ( a m a l t e d s o r g h u m baby
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p o r r i d g e ) , I n s t a n t M a g e u / M a h e u ( w h i t e o r r e d s o r g h u m n o n - a l c o h o l i c d r i n k
w h i c h can b e f l a v o r e d , M o r v i t e ( p r e - c o o k e d s o r g h u m a n d m a i z e f o r i n s t a n t
d r i n k ) a n d K i n g s B r e w Beer P o w d e r ( r e d s o r g h u m m a l t - a l c o h o l i c ) . T h e s e are
c o n v e n i e n c e foods a n d d r i n k s w e l l p r e s e n t e d i n g o o d packages a n d
c o m m e r c i a l l y ava i lab le . A n e w p r o d u c t i s t h e P o p s o r g h u m w h i c h i s v e r y
s i m p l e t o p r o d u c e a n d serves a s a n u t r i t i v e c o n v e n i e n c e f o o d t h a t can b e w e l l -
p a c k a g e d .
T h e i n t r i n s i c un iquenes s o f s o r g h u m a n d m i l l e t s , a d d e d t o t h e f ac t t h a t
t h e y o r i g i n a t e f r o m A f r i c a a n d are g e n e t i c a l l y d i v e r s i f i e d , m a k e t h e t w o c rops
a h a v e n o f n o v e l t r a i t s . M o s t o f these t r a i t s are s t i l l n o t t a p p e d . I n t e n s e
r e s e a r c h - f o r - d e v e l o p m e n t u s i n g b o t h a g r o n o m i c a n d b i o t e c h n o l o g i c a l /
m o l e c u l a r t o o l s w o u l d b e r e q u i r e d f o r basic i n f o r m a t i v e sc ience a n d a p p l i e d
research t o b e u n d e r t a k e n t o u n r a v e l t h e goodness o f these t r a i t s , a n d i m p r o v e
t h e i r q u a n t i t i e s a n d q u a l i t y . S o m e o f these n o v e l t r a i t s r e l a t e d t o foods a n d
h e a l t h i n c l u d e :
• y e l l o w e n d o s p e r m ( o c c u r r i n g m o s t l y i n t h e i n d i g e n o u s ' K a u r a ' s o r g h u m s o f
N i g e r i a ; a n d s o m e f a r m e r va r i e t i e s o f p e a r l m i l l e t i n N i g e r i a , Togo, B u r k i n a
Faso a n d M a l i ) f o r p r o - v i t a m i n A (be t a - ca ro t ene ) levels
• glossy seed l ing leaves f o r h i g h a m y l o p e c t i n in g r a i n
• s tay-green f o r t e r m i n a l d r o u g h t stress ( f o r p r o d u c t i v i t y increase u n d e r
d r o u g h t ) a n d f o r a g e / c r o p r e s i d u e q u a l i t y ( f o r a n i m a l f eed )
• p o l y p h e n o l s ( m o s t l y t a n n i n s , a n d o t h e r p h e n o l i c c o m p o u n d s l i k e
a n t h o c y a n i n a n d a n t h o c y a n i d i n s ) f o r a n t i o x i d a n t s a n d i m p r o v e d h e a l t h w i t h
n u t r i t i o n
• g e r m o i l c o n t a i n i n g l i p i d s w i t h 0 . 0 1 % c h o l e s t e r o l a n d 0 . 5 4 % s i t o s t e r o l ( b o t h
s t e ro l s ) , a n d 6 8 % t r i a c y l g l y c e r o l s ( n e u t r a l l i p i d s )
• s w e e t s t e m in s o r g h u m s f o r sugar a n d molasses [ r e p l a c i n g sugarcane
(Saccharum officinarum) in d r o u g h t / s e m i - a r i d areas] , a n d e t h a n o l
p r o d u c t i o n
• m a l t i n g q u a l i t y f o r d e v e l o p m e n t a n d p r o m o t i o n o f m a l t foods , m a l t d r i n k s
a n d beverages , g lucose a n d m a l t c o n f e c t i o n e r i e s , a n d b r e w i n g p r o d u c t s l i k e
lager b e e r
• m i c r o n u t r i e n t s l i k e c a l c i u m , z inc a n d i r o n i n t h e g ra in f o r e n h a n c e d p l a n t ,
a n i m a l a n d h u m a n n u t r i t i o n a n d h e a l t h
• use o f h y d r o p h o b i c p r o t e i n s o f s o r g h u m i n b i o f i l m s f o r f r u i t a n d vege tab le
p r o t e c t i o n i n e x p o r t t r a d e
Uncompetitive grain prices
T h e c o m b i n a t i o n o f p r o b l e m s o f g ra in ava i lab i l i ty , c lean ing a n d p rocess ing ,
a long w i t h u n c e r t a i n t y r e g a r d i n g c o n s u m e r d e m a n d , p lace s o r g h u m a n d p e a r l
m i l l e t a t a d i s t i n c t d i sadvan tage re l a t i ve to a l t e rna t i ve g ra in i n p u t s i n S u b -
Saharan A f r i c a ' s a g r o - i n d u s t r i a l sec tor . T h e s e re la t i onsh ips are h i g h l i g h t e d i n
r e c e n t da ta c o l l e c t e d o n i n d u s t r y p r i ces f o r a l t e rna t i ve grains i n Z i m b a b w e
(Table 6 ) . Pr ices f o r s o r g h u m a n d pea r l m i l l e t are genera l l y heav i l y d i s c o u n t e d
c o m p a r e d w i t h t h o s e f o r m a i z e - t h e c losest g ra in s u b s t i t u t e . U n c e r t a i n t y
a b o u t t hese i n p u t s also leads t o large v a r i a t i o n i n t h e f a c t o r y gate p r i ces
o f f e r e d w i t h i n t h e same i n d u s t r y .
T h e o p a q u e b e e r i n d u s t r y i n S o u t h e r n A f r i c a t e n d s t o o f f e r i n t a k e
p r i c e s f o r s o r g h u m a n d pea r l m i l l e t t h a t are m a r g i n a l l y l o w e r t h a n t h o s e f o r
m a i z e . I f t h e i n d u s t r y i s p a r t i c u l a r l y s h o r t o f s o r g h u m , t h e s e p r i c e s m a y r ise
m a r g i n a l l y above t h o s e f o r m a i z e . A g a i n , t h i s i s because s o r g h u m i s v i e w e d as
a necessary i n g r e d i e n t f o r o p a q u e b e e r p r o d u c t i o n . Y e t i f s o r g h u m costs r ise
t o o h i g h , t h e i n d u s t r y w i l l s h i f t t o u s i n g i m p o r t e d e n z y m e s i n s t e a d o f
s o r g h u m m a l t .
S o r g h u m a n d p e a r l m i l l e t t e n d t o b e m o s t h e a v i l y d i s c o u n t e d i n t h e
a n i m a l f e e d s i n d u s t r y . T h e s e p r i c e s range a r o u n d 7 0 t o 8 0 % o f t h e p r i c e s
o f f e r e d f o r m a i z e . T w o o f t h e t h r e e m i l l e r s p r o c e s s i n g s o r g h u m i n
Z i m b a b w e s i m i l a r l y i n d i c a t e d t h e y w o u l d p u r c h a s e s o r g h u m o r p e a r l
m i l l e t i f t h e p r i c e d r o p p e d less t h a n 7 5 % t h e p r i c e o f m a i z e . T h e m i l l e r
Table 6 . C o a r s e gra in buy ing pr ices (Z$ t - 1 ) of fered by industry at the factory ga te in
Z i m b a b w e , J u n e 2 0 0 1 .
Industry
Brewing
Milling
Animal feed
Grain trading
Buyer/company
Chibuku
Ingwebu
Jati Millers
Blue Ribbons
National Foods
Feeds & Feeds
National Foods
Agrifoods
Premier Milling
Grain Marketing Board
Maize
7500
7500
8500
8000
8200
7500
8200
8400
8300
7500
Sorghum
7000
6500
5557
No purchases
8000
5500
8000
6900
6000
5500
Pearl millet
No purchases
7000
No purchases
No purchases
7000
5000
7000
8000
6500
5000
Source: ICRISAT surveys.
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o f f e r i n g t h e h i g h e s t p r i c e w a s t h e c o m p a n y m o s t e x p e r i e n c e d w i t h t h e s e
g r a i n s .
T h e s e d i s c o u n t s are r e f l e c t e d i n t h e g o v e r n m e n t set p r i ces o f f e r e d b y t h e
n a t i o n a l G r a i n M a r k e t i n g B o a r d . W h i l e g o v e r n m e n t p r i ces are s u p p o s e d t o
es tab l i sh a f l o o r u n d e r t h e m a r k e t , t hese s t r o n g l y i n f l u e n c e t h e p r i ces o f f e r e d
b y t h e p r i v a t e sector .
S u c h p r i c e s p l ace s o r g h u m a n d pea r l m i l l e t p r o d u c e r s a t a large
d isadvan tage . N o t o n l y d o t h e y rece i ve a l o w e r p a y m e n t a t t h e f a c t o r y ga te ,
b u t i n a d d i t i o n , m a r k e t i n g costs f o r s o r g h u m a n d p e a r l m i l l e t are c o m m o n l y
h i g h e r t h a n t h o s e f o r m a i z e . I n m a n y c o u n t r i e s t hese gra ins are b e i n g d r a w n
f r o m o u t l y i n g s e m i - a r i d reg ions a n d t h u s face h i g h e r t r a n s p o r t costs . B u t i n
a d d i t i o n , f a r m g a t e p r i ces are i n f l u e n c e d b y l o w t r a d e v o l u m e s w h i c h l ead t o
h i g h e r m a r k e t i n g costs p e r u n i t o f g ra in s o l d .
T h e s e v e r i t y o f t h i s r e l a t i o n s h i p i s a p p a r e n t i n a r e c e n t a s s e s s m e n t
o f m a r k e t i n g m a r g i n s i n T a n z a n i a ( T a b l e 7 ) . H e r e i t m a y t a k e a t r a d e r a 
w e e k o r m o r e t o c o l l e c t e n o u g h g r a i n t o f i l l a 1 5 t t r u c k l o a d . E a c h b a g
m u s t b e c h e c k e d f o r c o n t a m i n a t i o n a n d g r a i n q u a l i t y . L o c a l v i l l a g e t a x e s
m u s t b e p a i d . U l t i m a t e l y , t h e f a r m e r e a r n s o n l y 6 0 % o f t h e c o s t o f g r a i n
d e l i v e r e d t o t h e n e a r e s t b u s i n e s s c e n t e r . A n d t h e f a r m e r e a r n s o n l y 4 2 %
o f t h e f a c t o r y g a t e p r i c e f o r g r a i n d e l i v e r e d t o a n a g r o - p r o c e s s o r i n D a r e s
S a l a a m .
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Table 7 . E x a m p l e of gra in t rad ing m a r g i n s in centra l Tanzania , 2002 .
Description
Grain
Grain bag
Village stay
Village storage
Guard
Tax levy
Labor for filling bags
Loading
Truck hire to Dodoma
Unloading
Grain cost
Unit
Bucket (16 kg)
1 bag
1 week
Room
2 per week
Bag
Week
Bag
Bag
Bag
Bag
Trading margin
(Z$ per unit)
900 (52.94)1
300 (3.00)
2000 (0.33)
8000(1.33)
2500 (0.42)
300 (3.00)
1500(0.25)
150(1.50)
2150(21.50)
150(1.50)
8577 (85.77)
1. Margin in Z$ kg-1 is given in parentheses.
Source: ICRISAT surveys, 2002.
I n these c i r c u m s t a n c e s , f a r m e r s c o m p l a i n t h a t t h e y d o n o t earn e n o u g h
t o j u s t i f y e x p a n d i n g p r o d u c t i o n . B u t g iven such h i g h m a r k e t i n g costs, g r a in
processors can b a r e l y a f f o r d t o pay m o r e . T h e pr ices o n o f f e r are c a p p e d b y
t h e p r e v a i l i n g p r ices f o r m a i z e g r o w n i n h i g h e r p o t e n t i a l regions o f t h e c o u n t r y
w h e r e t r a d i n g v o l u m e s are h igher , a n d m a r k e t i n f r a s t r u c t u r e i s m o r e
d e v e l o p e d .
G r a d e s a n d s t a n d a r d s
T h e p re sen t c o m m e r c i a l i z a t i o n t r e n d s are n o t t o o encourag ing , e x c e p t fo r t h e
i n d u s t r i a l uses i n S o u t h A f r i c a , N i g e r i a , B o t s w a n a a n d Z i m b a b w e , w h i c h also
n e e d a l o t o f up - sca l i ng . As a b e g i n n i n g , t h e r e i s n e e d fo r s t rong
d o c u m e n t a t i o n o f da ta and i n f o r m a t i o n o n a l t e r n a t i v e uses a n d process ing
t e c h n o l o g i e s o f t h e c rops . A c r i t i c a l analysis o f these w o u l d h e l p i d e n t i f y
f u r t h e r gaps, assess t h e needs a n d r a t i o n a l i z e t h e w a y f o r w a r d .
Grain end-use quality
A s e m p h a s i z e d ear l ie r , i n o r d e r t o d i v e r s i f y a n d increase m i l l e t a n d s o r g h u m
u t i l i z a t i o n , i t i s essen t ia l t h a t g r a in w i t h k n o w n a n d s u i t a b l e end-use q u a l i t y
c h a r a c t e r i s t i c s i s a lways ava i lab le f o r p roces s ing . O b v i o u s l y , s ince g r a i n c r o p s
a v a i l a b i l i t y i n i n d i v i d u a l c o u n t r i e s f l u c t u a t e b e t w e e n a s u r p l u s a n d d e f i c i t
s i t u a t i o n , t h e r e m u s t b e g r e a t l y i n c r e a s e d r e g i o n a l t r a d e i n m i l l e t a n d
s o r g h u m . T h i s d e m a n d s i n t e r n a t i o n a l l y a c c e p t e d s t anda rds f o r m i l l e t a n d
s o r g h u m g r a i n end-use q u a l i t y a n d a p p r o p r i a t e m e t h o d s f o r d e t e r m i n i n g ' i n
t r a d e ' w h e t h e r ba t ches o f g r a i n m e e t these s t andards . I C R I S A T has m a d e a 
large c o n t r i b u t i o n t o t h i s area t h r o u g h t h e p u b l i c a t i o n i n 1 9 9 7 o n m e t h o d s
f o r e v a l u a t i o n o f s o r g h u m a n d p e a r l m i l l e t q u a l i t y ( G o m e z e t a l . 1 9 9 7 ) . A 
p r o j e c t s p o n s o r e d b y t h e U n i t e d Sta tes A g e n c y f o r I n t e r n a t i o n a l
D e v e l o p m e n t ( U S A I D ) i n 2 0 0 1 was u n d e r t a k e n i n S o u t h e r n A f r i c a a n d
e n t i t l e d ' D e v e l o p m e n t o f S i m p l e , C o m m o n G r a i n Q u a l i t y S t anda rds f o r
S o r g h u m t o F a c i l i t a t e G r a i n T r a d e i n S o u t h e r n A f r i c a ' . T h i s r e s u l t e d i n f i v e
s t anda rds f o r s o r g h u m g r a i n a n d s i m p l e m e t h o d s t o m e a s u r e t h e m . T h e s e
w e r e :
• D e t e c t i o n o f t a n n i n s o r g h u m b y t h e a l k a l i - b l e a c h t e s t
• D e t e r m i n a t i o n o f de fec t s i n s o r g h u m gra in , i n c l u d i n g w e e v i l damage
• C l a s s i f i c a t i o n o f s o r g h u m g r a i n a c c o r d i n g t o c o l o r ( w h i t e , r e d a n d
b r o w n )
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• E s t i m a t i o n o f s o r g h u m g r a i n hardness ( v e r y sof t , i n t e r m e d i a t e a n d v e r y
h a r d )
• D e t e r m i n a t i o n o f g e r m i n a t i v e ene rgy o f s o r g h u m
T h e m e t h o d s have b e e n i n c l u d e d i n t h e d r a f t s o r g h u m s tandards f o r
B o t s w a n a a n d have b e e n s u b m i t t e d t o t h e I n t e r n a t i o n a l A s s o c i a t i o n f o r C e r e a l
Sc ience a n d T e c h n o l o g y f o r a p p r o v a l a s d r a f t i n t e r n a t i o n a l s tandards m e t h o d s
( J R N Taylor , U n i v e r s i t y o f P r e t o r i a , P r e t o r i a , S o u t h A f r i c a pe r sona l
c o m m u n i c a t i o n a n d c o n s u l t a n c y r e p o r t ) . O b v i o u s l y , these a c t i v i t i e s o n l y
r e p r e s e n t i n i t i a l s teps i n w h a t has t o b e a n o n g o i n g process t o d e v e l o p a n d
i m p l e m e n t c o m p r e h e n s i v e t r a d i n g s tandards f o r s o r g h u m a n d m i l l e t g r a in , a s
these ex i s t f o r o t h e r gra ins . H o w e v e r , i n t h e s h o r t - t e r m i t i s p r o p o s e d t h a t t h e
d e v e l o p e d m e t h o d s a n d s tandards s h o u l d b e a p p l i e d t o I C R I S A T a n d s o r g h u m
b r e e d i n g p r o g r a m s i n A f r i c a a n d t h a t s i m i l a r m e t h o d s a n d s tandards b e
d e v e l o p e d a n d a p p l i e d f o r m i l l e t s . T h e base l ine da ta o n c u l t i v a r end-use
q u a l i t y d e v e l o p e d w i l l h e l p ensure t h e c o n s t a n t a v a i l a b i l i t y o f g r a in o f su i t ab l e
q u a l i t y f o r u t i l i z a t i o n a n d l e ad t o a n o n g o i n g i m p r o v e m e n t i n g r a i n end-use
q u a l i t y .
Food products quality
I t i s sugges ted t h a t a n A f r i c a - w i d e da tabase o f t r a d i t i o n a l , n e w , a l t e r n a t i v e
a n d i m p r o v e d m i l l e t a n d s o r g h u m f o o d p r o d u c t s a n d f u l l d e t a i l s o f t h e
p r o c e s s i n g t e c h n o l o g i e s u s e d t o p r o d u c e t h e m b e c r e a t e d . T h e a v a i l a b i l i t y o f
s u c h da t a w i l l e n c o u r a g e e n t r e p r e n e u r s a n d i n s t i t u t i o n s i n c o u n t r i e s t o t e s t
m i l l e t a n d s o r g h u m f o o d p r o d u c t s t h a t are n o v e l t o t h e m . T h e e x a m p l e o f
t h e i n t e r e s t i n p e a r l m i l l e t c o u s c o u s i n N a m i b i a has b e e n m e n t i o n e d .
Packaging
I n S o u t h e r n A f r i c a , s o r g h u m a n d m i l l e t f o o d s a n d beverages are p a c k e d i n
d i v e r s e ( p l a s t i c bags, j u t e sacks, f o o d c a r d b o a r d boxes a n d b o t t l e s ) a n d
c o n v e n i e n t c o n t a i n e r s o f d i f f e r e n t shapes, s t r e n g t h , c o l o r , sizes a n d w i t h
logos o f m a n u f a c t u r e r s . P a c k i n g i s d o n e m o s t l y b y f u l l o r p a r t i a l
m e c h a n i z a t i o n . I n W e s t A f r i c a , o n l y p l a s t i c a n d j u t e bags are u s e d m o s t l y ,
a n d p a c k i n g i s also m o s t l y m a n u a l . For e f f e c t i v e a n d w i d e r
c o m m e r c i a l i z a t i o n i n W e s t A f r i c a , w e n e e d t o s t a r t u s i n g c o n v e n i e n t a n d
a t t r a c t i v e p a c k a g i n g o f t h e f o o d p r o d u c t s (as i s p r e s e n t l y b e i n g d o n e f o r
beverages f r o m t h e b r e w e r i e s ) .
Publ ic a n d p r i v a t e p a r t n e r s h i p s
T h e successful c o m m e r c i a l p rocess ing o f s o r g h u m i n c o u n t r i e s l i k e S o u t h
A f r i c a a n d B o t s w a n a suggests p o t e n t i a l f o r t h e d e v e l o p m e n t o f these m a r k e t s .
H o w e v e r , avai lable ev idence f r o m n e i g h b o r i n g c o u n t r i e s also suggests t h e
n e e d t o reso lve a n u m b e r o f i n t e r - l i n k e d cons t r a in t s t o i n d u s t r i a l process ing .
I m p r o v e m e n t s i n p r o d u c t i o n p r o d u c t i v i t y are essent ial f o r s o r g h u m o r p e a r l
m i l l e t t o b e c o m e m o r e c o m p e t i t i v e w i t h g ra in i n p u t s l i k e ma ize . Larger
q u a n t i t i e s o f g r a i n m u s t b e c o n s i s t e n t l y so ld b y f a rmer s i n o r d e r t o b o t h
r e d u c e p e r u n i t m a r k e t i n g costs, a n d assure i n d u s t r y o f a r e l i ab le i n p u t . G r a i n
d e s t i n e d f o r f o o d p rocess ing m u s t b e c l eaned . I n d u s t r i a l processors n e e d t o b e
e d u c a t e d a b o u t t h e p rocess ing cha rac te r i s t i c s o f these i n p u t s , a n d t h e f o o d o r
f e e d va lue . E n t r e p r e n e u r s m u s t b e w i l l i n g t o t a k e r isks i n d e v e l o p i n g n e w
m a r k e t s .
T h e p u r s u i t o f t h i s c o m b i n e d set o f so lu t i ons r equ i r e s n e w pa r tne r sh ip s
b e t w e e n p u b l i c and p r i v a t e agencies w i l l i n g t o c o m b i n e i n v e s t m e n t s i n t h e
d e v e l o p m e n t o f these m a r k e t s . These are bes t d e f i n e d i n t h e c o n t e x t o f
spec i f ic i n v e s t m e n t s t rategies t a r g e t i n g t h e e x p a n s i o n o f p a r t i c u l a r agro-
i n d u s t r i a l o u t p u t s .
Institutional alliances
T h e i m p o r t a n c e o f t e c h n o l o g y exchange i n increas ing a n d d i v e r s i f y i n g m i l l e t
a n d s o r g h u m u t i l i z a t i o n c a n n o t b e o v e r e m p h a s i z e d . A s s t a t ed i n t h e
i n t r o d u c t i o n , t h e r e i s a huge resource i n A f r i c a o f m i l l e t a n d s o r g h u m
expe r t i s e ; t h e p r o b l e m i s h o w t o c rea te t h e necessary synergies t o f u l l y e x p l o i t
t h i s r e source . T h e idea o f a database o f t r a d i t i o n a l a n d d e v e l o p e d m i l l e t a n d
s o r g h u m f o o d p r o d u c t s a n d t h e f u l l de ta i l s o f t h e process ing t echno log i e s u s e d
t o p r o d u c e t h e m has a l r eady b e e n m e n t i o n e d .
O n e m o s t e f f e c t i v e w a y f o r t e c h n o l o g y e x c h a n g e t o t a k e p l a c e w o u l d
b e f o r o r g a n i z a t i o n s i n v o l v e d i n t h e p r o m o t i o n o f m i l l e t a n d s o r g h u m s u c h
a s I C R I S A T , t h e U S A I D s u p p o r t e d I N T S O R M I L , r e g i o n a l a n d sub-
r e g i o n a l f o r u m s l i k e C O R A F ( W e s t a n d C e n t r a l A f r i c a n C o u n c i l f o r
A g r i c u l t u r a l R e s e a r c h i n E a s t e r n a n d C e n t r a l A f r i c a ) a n d C I L S S ; a d v a n c e d
r e s e a r c h i n s t i t u t e s l i k e C I R A D ( C e n t r e d e i n t e r n a c i o n a l e e n
r e c h e r c h e a g r n o m i q u e p o u r l e ) ( a l l i n W e s t A f r i c a r e g i o n )
t o o b t a i n a n d p r o v i d e f u n d i n g f o r t e c h n i c a l a n d i n f o r m a t i o n e x c h a n g e v i s i t s
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f o r m i l l e t a n d s o r g h u m s c i e n t i s t s , t e c h n o l o g i s t s a n d t e a c h e r s b e t w e e n
i n s t i t u t e s i n t h e v a r i o u s m i l l e t a n d s o r g h u m p r o d u c i n g c o u n t r i e s i n A f r i c a .
S u c h a c t i v i t i e s w i l l b e s t b e r e g i o n a l o r c r o s s - r e g i o n a l i n n a t u r e i n v o l v i n g t h e
t h r e e r e g i o n a l f o r u m s , C O R A F , A S A R E C A ( A s s o c i a t i o n f o r S t r e n g t h e n i n g
A g r i c u l t u r a l Research i n E a s t e r n a n d C e n t r a l A f r i c a ) a n d S A C C A R
( S o u t h e r n A f r i c a n C e n t e r f o r C o o r d i n a t i o n o f A g r i c u l t u r a l R e s e a r c h ) ,
t h r o u g h t h e i r r e s p e c t i v e n e t w o r k s .
T h e t r a i n i n g o f f o o d / f e e d sc ien t i s t s , n u t r i t i o n i s t s a n d t e c h n o l o g i s t s , a n d
f o s t e r i n g t h e i r n e t w o r k i n g w i t h p u b l i c a n d p r i v a t e sec to r o rgan iza t ions o r
i n d u s t r i e s can b e set t o enhance p o s t h a r v e s t p rocess ing a n d u t i l i z a t i o n i n
A f r i c a . A c o n c r e t e mass o f f o o d / f e e d p rocess ing a n d m a r k e t i n g sc ien t i s t s a n d
n u t r i t i o n i s t s , i n c l u d i n g e n g i n e e r s / e q u i p m e n t f a b r i c a t o r s a n d i n f o r m a t i o n
t e c h n o l o g y specia l is ts i s s t i l l a r e q u i r e m e n t i n A f r i c a , f o r p r o m o t i o n o f
c o m m e r c i a l i z a t i o n o f u n d e r u t i l i z e d a n d u n d e r r e sea rched , t h o u g h n u t r i t i o n a l ,
cerea l c rops .
Premium market
O n e o p t i o n i s t o p u r s u e a f e w p r e m i u m o r n i c h e m a r k e t s w h e r e i n s o r g h u m
o r p e a r l m i l l e t g r a in s h a v e u n i q u e va lue s ; f o r e x a m p l e , t h e p r o d u c t i o n o f
m a l t f o r m a l t beve rages a n d d r i n k s , o p a q u e beer , f o r w e a n i n g f o o d s o r
g l u c o s e m a n u f a c t u r e . I n t h e s e c i r c u m s t a n c e s , t r a d e r s a n d p r o c e s s o r s m a y
b e w i l l i n g t o p a y a p r e m i u m p r i c e f o r h i g h q u a l i t y g r a i n s p e c i a l l y s u i t e d t o
t h e i r m a n u f a c t u r i n g p r o c e s s . T h i s p r e m i u m p r i c e m a y a t l eas t p a r t l y o f f s e t
t h e h i g h e r cos t s o f f i n d i n g , a s s e m b l i n g a n d c l e a n i n g t h e s e g ra ins , o r
o r g a n i z i n g t h e g r a i n m a r k e t . T h e p r e m i u m m a r k e t c o u l d e n c o u r a g e
f a r m e r s t o i n v e s t i n n e w t e c h n o l o g i e s p r o m o t i n g t h e e x p a n s i o n o f t h e i r
p r o d u c t i o n .
I n o r d e r t o s u p p o r t t h i s o p t i o n , c r o p b r e e d e r s n e e d t o d e v e l o p v a r i e t i e s
w i t h t r a i t s s p e c i f i c a l l y s u i t e d t o t h e t a r g e t n i c h e m a r k e t . B r e e d e r s a n d seed
p r o d u c e r s n e e d t o b e su re t he se v a r i e t i e s are m u l t i p l i e d a n d d i s t r i b u t e d t o
f a r m e r s c apab l e o f p r o d u c i n g f o r t h e c o m m e r c i a l m a r k e t n i c h e . F a r m e r s a n d
i n d u s t r y m a y also b e n e f i t f r o m p u b l i c s u p p o r t f o r g r a i n s t o c k h o l d i n g
necessary t o assure a c o n s i s t e n t p r o d u c t i o n a n d s u p p l y o f h i g h q u a l i t y g r a i n .
H o w e v e r , t h e j u s t i f i c a t i o n s f o r s u c h p u b l i c i n v e s t m e n t s m a y b e r e d u c e d b y
t h e l i m i t e d n u m b e r o f b e n e f i c i a r i e s . P r i v a t e i n v e s t o r s s h o u l d b e e n c o u r a g e d
t o p a r t i c i p a t e .
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Low cost market
A l t e r n a t i v e l y , t h e d e v e l o p m e n t o f s o r g h u m a n d p e a r l m i l l e t m a r k e t s m a y b e
p u r s u e d b y t a r g e t i n g de l ive r i e s o f l o w cost g ra in - f o r e x a m p l e , fo r a n i m a l
f eed . T h i s m a r k e t p r o b a b l y has t h e h ighes t p o t e n t i a l f o r g r o w t h i n A f r i c a a s
i n c o m e s rise a n d t h e d e m a n d f o r l i v e s t o c k p r o d u c t s c o r r e s p o n d i n g l y increases.
T h e log i ca l p r i m a r y t a rge t w o u l d b e t h e e x p a n s i o n o f t h e p o u l t r y f e e d
i n d u s t r y .
I n t h e i n i t i a l stages o f m a r k e t d e v e l o p m e n t , s o r g h u m and p e a r l m i l l e t
m a y o n l y b e u s e d w h e n avai lable a t subs t an t i a l ( 2 0 - 4 0 % ) p r i c e d i s coun t s
r e l a t i v e t o m a i z e . T h i s , a t least , c o u l d h e l p es tab l i sh a f l o o r p r i c e u n d e r g ra in
pr i ces w h e n rains are f avorab le . H o w e v e r , ove r t i m e , a s t h e a n i m a l f e e d
i n d u s t r y gains grea te r f a m i l i a r i t y w i t h these grains, such d i s c o u n t s s h o u l d
d e c l i n e a n d e v e n t u a l l y fade away.
P u b l i c s u p p o r t f o r t h i s s t ra tegy c o u l d i n v o l v e t h e c o l l e c t i o n o f g r a in
s tocks f o l l o w i n g favorab le harves ts , a n d sale o f these s tocks l a t e r i n t h e year.
P u b l i c i n v e s t m e n t c o u l d also encourage i n d u s t r y e x p e r i m e n t a t i o n w i t h t h e
process ing a n d f e e d use o f these grains. O n - f a r m t r i a l s are n o w a c o m m o n
c o m p o n e n t o f p u b l i c l y f u n d e d a g r i c u l t u r a l research . Fac to ry t r i a l s c o u l d
s i m i l a r l y b e a c o m p o n e n t o f research p r o g r a m s encourag ing t h e g r o w t h o f
c o m m e r c i a l g r a i n p rocess ing . I n d u s t r y s h o u l d b e encouraged t o a r t i c u l a t e
w h a t research a n d t r i a l p r o g r a m s are n e e d e d .
A g a i n , h o w e v e r , t h e p r o b l e m w i t h t h i s s t ra tegy i s i t s l i m i t e d scope.
Fa rmers m a y b e n e f i t f r o m h i g h e r g ra in pr ices f o l l o w i n g favorab le r a i n f a l l
seasons. H o w e v e r , i t is u n l i k e l y t h a t t h i s w i l l be e n o u g h t o encourage
i n v e s t m e n t s i n b e t t e r va r ie t i e s a n d c r o p m a n a g e m e n t necessary t o d e v e l o p a 
m o r e c o m m e r c i a l l y c o m p e t i t i v e a g r o - i n d u s t r i a l e n t e r p r i s e . T h e scenar io c o u l d
change w i t h a p p r o p r i a t e p o l i c y i n t e r v e n t i o n s i n r e l evan t c o u n t r i e s .
Economies of scale
A t h i r d m a r k e t d e v e l o p m e n t o p t i o n w o u l d encompass e f fo r t s t o p r o m o t e t h e
use o f s o r g h u m o r pea r l m i l l e t a s a c o m m o n , i n d u s t r i a l l y processed, f o o d
p r o d u c t - f o r e x a m p l e s o r g h u m m e a l o r s o r g h u m breakfas t p o r r i d g e . I f g r a in
d e m a n d i s assured i n m o s t seasons, f a r m e r s m a y b e m o r e w i l l i n g t o inves t i n
b e t t e r va r i e t i e s o r c r o p m a n a g e m e n t p rac t i ces . Larger , a n d m o r e cons i s t en t
t r a d e v o l u m e s can l e a d t o r e d u c t i o n s i n pe r u n i t m a r k e t i n g costs w i t h
c o n s e q u e n t gains i n f a r m g a t e pr ices , and a poss ib le r e d u c t i o n i n t h e costs o f
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gra in at t h e f a c t o r y gate . T h e average search a n d assembly costs f o r g ra in w i l l
d e c l i n e . M o r e c o n s i s t e n t d e m a n d m a y also encourage t r a d e r s t o h o l d la rger
i n v e n t o r i e s , r e d u c i n g seasonal p r i c e f l u c t u a t i o n s , a n d assur ing c o m m e r c i a l
processors o f a c o n s i s t e n t f l o w o f g r a i n t h r o u g h o u t t h e year.
G o v e r n m e n t s can d o m a n y t h i n g s t o f a c i l i t a t e such p r i v a t e i n v e s t m e n t s
necessary t o d e v e l o p these m a r k e t s . A s t a r t i n g p o i n t i s t o e x a m i n e w h e r e
g o v e r n m e n t s are a l r eady f a c i l i t a t i n g t h e p r o d u c t i o n a n d t r a d e o f a l t e r n a t i v e
c o m m o d i t i e s such a s m a i z e o r r i c e . I n m a n y c o u n t r i e s , s t ra teg ic g r a i n s tocks
are s t i l l h e l d a n d s u b s i d i z e d b y g o v e r n m e n t s . I n Tanzania, f o r e x a m p l e , t h e
n a t i o n a l S t r a t egy G r a i n Reserve i s m a d e u p e n t i r e l y o f m a i z e . T h e
r e p l a c e m e n t o f 1 0 % o f t h i s m a i z e reserve w i t h s o r g h u m c o u l d t r i p l e
c o m m e r c i a l m a r k e t f l o w s o v e r n i g h t . C u r r e n t l y , g o v e r n m e n t - s u p p o r t e d s c h o o l
f e e d i n g p r o g r a m s o n l y use m a i z e , e v e n i f these are o p e r a t i n g i n s o r g h u m a n d
p e a r l m i l l e t g r o w i n g reg ions . T h e c o n v e r s i o n o f these p r o g r a m s t o 5 0 %
s o r g h u m o r p e a r l m i l l e t c o u l d l e a d t o a d o u b l i n g o f c o m m e r c i a l d e m a n d f o r
g ra in f r o m t h e c e n t r a l p a r t o f t h e c o u n t r y .
I n B o t s w a n a , g r a in i m p o r t c o n t r o l s de s igned t o p r o t e c t d o m e s t i c
p r o d u c e r s l e d t o a r a p i d d e c l i n e i n s o r g h u m c o n s u m p t i o n d u r i n g t h e 1980s .
T h e r e m o v a l o f i m p o r t c o n t r o l s , a n d t h e p r o m o t i o n o f s m a l l grants t o
e n t r e p r e n e u r s i n t e r e s t e d i n e s t ab l i sh ing smal l - sca le s o r g h u m m i l l s , s t i m u l a t e d
a t e n - f o l d increase i n c o m m e r c i a l s o r g h u m m i l l i n g i n t h e m i d - l a t e 1990s .
I n Z i m b a b w e , a n e w e x p e r i m e n t a l p r o g r a m i s e n c o u r a g i n g c o m m e r c i a l
m i l l i n g o f s o r g h u m f o r f o o d r e l i e f p r o g r a m s t a r g e t i n g u r b a n c o n s u m e r s . T h e
m i l l e r i n v o l v e d recognizes t h e p o t e n t i a l m a r k e t f o r s o r g h u m m e a l , b u t w a n t s
m o r e p r o o f o f t h e p o t e n t i a l size o f t h i s m a r k e t b e f o r e h e e x p a n d s his o w n
i n v e s t m e n t s i n s o r g h u m m i l l i n g . T h e a i d p r o g r a m m a y b e adequa t e t o p r o v i d e
t h i s p r o o f .
I n s u m , w e c o m m o n l y accep t t h e n e e d t o subs id ize f a r m e r s w i t h p u b l i c
i n v e s t m e n t s i n t h e d e v e l o p m e n t o f p r o d u c t i o n t e c h n o l o g i e s . Y e t t h e i n c e n t i v e
t o a p p l y these t e c h n o l o g i e s c o m m o n l y d e p e n d s o n t h e d e m a n d f o r t h e g r a i n
p r o d u c t i n t h e c o m m e r c i a l m a r k e t . S i m i l a r i n v e s t m e n t s i n t h e d e v e l o p m e n t o f
p r o d u c t m a r k e t s , o r i n l i n k i n g t e c h n o l o g y f l o w w i t h e f f o r t s t o f a c i l i t a t e m a r k e t
d e v e l o p m e n t , can o f f e r s u b s t a n t i a l l y la rger i m p a c t s o n f a rmer , p rocessor a n d
c o n s u m e r w e l f a r e i n t h e l o n g r u n . H i s t o r i c a l l y , these p u b l i c i n v e s t m e n t s have
f a v o r e d c rops s u c h a s m a i z e a n d r i c e i n A f r i c a . S t r o n g e r i n v e s t m e n t s i n m a r k e t
f a c i l i t a t i o n m a y b e n e f i t la rger n u m b e r s o f p o o r e r f a r m e r s i f d i r e c t e d t o w a r d
c o m m o d i t i e s such a s s o r g h u m a n d p e a r l m i l l e t .
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Sorghum and Pearl Mi l let for Poultry Feed
A Rajashekher Redely1, VLK Prasad1, CLN Rao2 and D Sudhakar3
Abstract
This paper reviews the chemical composition, nutritive value and utilization of 
sorghum and pearl millet. Sorghum is almost comparable to maize but pearl millet 
has better protein value. The energy source of these ingredients is lower than that 
of maize. However, these can be used as energy ingredients for poultry, replacing 
maize partly or completely in poultry diets. Hence alternative energy ingredients 
like sorghum and pearl millet can share the increased demand of maize. Further, 
there is a need to study the nutritive value and utilization of sorghum and pearl 
millet cultivars developed in recent years. 
S o r g h u m (Sorghum bicolor) a n d p e a r l m i l l e t (Pennisetum glaucum) have f o o d
v a l u e f o r h u m a n c o n s u m p t i o n p a r t i c u l a r l y b y r u r a l p e o p l e . T h e q u a l i t y o f t h e
g r a i n d e p e n d s o n t h e season, va r ie t i e s a n d a g r o n o m i c p rac t i ces . U s e o f
s o r g h u m i n p o u l t r y f e e d i s d i s c o u r a g e d m a i n l y d u e t o t h e p resence o f t a n n i n s
a n d g ra in m o l d s . T h e c h e m i c a l c o m p o s i t i o n a n d n u t r i t i v e va lue o f t h e g ra in
var ies a n d i s d e p e n d e n t o n m a n y fac to r s . Recen t ly , m a n y c u l t i v a r s w i t h
i m p r o v e d y i e l d a n d g r a i n q u a l i t y have b e e n d e v e l o p e d . P o u l t r y feeds c o n t a i n
cerea l grains t o t h e e x t e n t o f 4 0 - 6 0 % a n d these i n g r e d i e n t s c o n t r i b u t e energy.
A m o n g t h e cereals, y e l l o w m a i z e [Lea mays) a n d w h e a t [Triticum aestwum) 
are c o m m o n l y u s e d d e p e n d i n g o n t h e i r ava i l ab i l i t y . M a i z e - s o y b e a n (Glycine 
max) i n g r e d i e n t s are e x t e n s i v e l y u s e d t o m e e t t h e c o m p l e t e n u t r i e n t
r e q u i r e m e n t o f p o u l t r y d i e t s . A l t e r n a t i v e l y , s o r g h u m a n d p e a r l m i l l e t are also
u s e d i n p o u l t r y feeds o n t h e basis o f least cos t f o r m u l a t i o n .
Grain structure
A b r i e f r e v i e w has b e e n a t t e m p t e d o n t h e use o f s o r g h u m a n d p e a r l m i l l e t i n
p o u l t r y f e e d . G e n e t i c a n d e n v i r o n m e n t a l f a c t o r s p l a y s i g n i f i c a n t ro les i n
d e t e r m i n i n g t h e g r a i n c o m p o s i t i o n . A n e x t e n s i v e r e v i e w was m a d e o n
s o r g h u m a n d p e a r l m i l l e t ( F A O 1 9 9 5 ) . S o r g h u m a n d p e a r l m i l l e t g ra ins s h o w
c o n s i d e r a b l e d i v e r s i t y i n c o l o r , shape, size a n d c e r t a i n a n a t o m i c a l
c o m p o n e n t s (Tab le 1 ) . G r a i n s t r u c t u r e i s s i m i l a r i n s o r g h u m a n d p e a r l
m i l l e t . T h e p r i n c i p a l c o m p o n e n t s are p e r i c a r p , e n d o s p e r m a n d g e r m .
P e r i c a r p i s t h e o u t e r m o s t l aye r c o m p r i s i n g o f sub- layers , n a m e l y e p i c a r p ,
m e s o c a r p a n d e n d o c a r p . T h e p e r i c a r p consists o f t h e e p i d e r m i s , w h i c h i s
o f t e n p i g m e n t e d a n d h y p o d e r m i s , w h i c h possesses t h r e e layers o f t h i c k n e s s .
M e s o c a r p t h i c k n e s s i s assoc ia ted w i t h m o l d res is tance a n d i t var ies w i d e l y
a m o n g t h e g e n o t y p e s . G r a i n s w i t h t h i c k m e s o c a r p are p r e f e r r e d f o r
d e h u l l i n g b y h a n d - p o u n d i n g . T h e seed sub-coa t o r t es ta l ies j u s t b e l o w t h e
e n d o c a r p a n d i t s c o l o r a n d p i g m e n t s are va r i ab l e a n d g e n e t i c a l l y c o n t r o l l e d .
B r o w n s o r g h u m s have d a r k seed sub-coa t . I f t h e c u l t i v a r s c o n t a i n t a n n i n ,
m o s t o f i t i s i n t h e t e s ta .
E n d o s p e r m i s t h e m a j o r s torage t i s sue c o m p r i s i n g t h e a l e u r o n e l aye r
a n d p e r i p h e r a l c o r n e o u s a n d f l o u r y zones . A l e u r o n e ce l l s are r i c h i n B -
c o m p l e x v i t a m i n s , m i n e r a l s a n d o i l a n d c o n t a i n h y d r o l y z i n g e n z y m e s . T h e
p r o t e i n b o d i e s i n t h e e n d o s p e r m o f s o r g h u m a n d p e a r l m i l l e t are s p h e r i c a l .
I n s o r g h u m , t h e n u m b e r o f p r o t e i n b o d i e s decreases w i t h t h e r i se i n s t a r c h
c o n t e n t f r o m p e r i p h e r a l zone t o t h e c e n t r a l c o r e w h e r e t h e f l o u r y
e n d o s p e r m i s l o c a t e d . I n p e a r l m i l l e t t h e p r o t e i n b o d i e s are m o r e n u m e r o u s
i n t h e f l o u r y zone t h a n i n t h e c o r n e o u s z o n e . N o v e l l i e a n d L i e b e n b e r g
( 1 9 7 6 ) have r e p o r t e d t h e p resence o f several e n z y m e s s u c h a s p ro tease , 3 -
glucos idases , 3-galactos idase a n d phospha ta se i n t h e p r o t e i n b o d i e s o f
s o r g h u m . T h e g e r m c o m p r i s e s t h e s c u t e l l u m a n d i s r i c h i n l i p i d s , p r o t e i n ,
e n z y m e s a n d m i n e r a l s . T h e r a t i o o f e n d o s p e r m t o g e r m i s l a rger i n s o r g h u m
t h a n i n p e a r l m i l l e t (Table 1 ) .
Table 1 . Structura l features of s o r g h u m and pearl mil let gra ins .
Parameter
Grain color
Grain type
Grain shape
1000-seed mass(g)
Seed coat or testa
Starch granules
Protein matrix size
Endosperm:germ ratio
Source: FAO (1995).
Sorghum
White, yellow, red, brown
Caryopsis
Spherical
25-30
Single layer, sometimes
pigmented (brown
sorghum is dark colored)
20-30 urn diameter
0.3-3 urn
8.4:1
Pearl millet
Gray, white, yellow, brown, purple
Caryopsis
Globular, hexagonal, globose
2.5-14
Single layer, sometimes pigmented
10-12 um diameter
0.6-0.7 urn
4.5:1
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Chemical composition
C h e m i c a l c o m p o s i t i o n a n d n u t r i t i v e va lue o f m a i z e , s o r g h u m a n d pea r l m i l l e t
r e p o r t e d i n N u t r i t i o n a l Research C o u n c i l ( 1 9 9 4 ) a n d r e v i e w e d b y Rama
Subba R e d d y ( 1 9 9 8 ) a n d R a m a Subba R e d d y a n d Nageswara Rao ( 2 0 0 0 ) are
p r e s e n t e d in Tables 2 to 4 .
Protein
S o r g h u m a n d pea r l m i l l e t c o n t a i n h i g h p r o t e i n levels c o m p a r e d t o m a i z e
(Tables 2 a n d 3 ) . G r a i n p r o t e i n s are b r o a d l y c lass i f ied i n t o f o u r f r ac t i ons
a c c o r d i n g t o t h e i r s o l u b i l i t y cha rac t e r i s t i c s . T h e s e are a l b u m i n ( w a t e r
s o l u b l e ) , g l o b u l i n (sal t s o l u b l e ) , p r o l a m i n ( a l c o h o l so lub l e ) a n d g l u t e l i n ( a lka l i
Table 2 . C h e m i c a l compos i t ion and nutr i t ive va lue of di f ferent cereals used as feed .
Parameter
Dry matter (%)
Metabolizable energy (kcal kg-1)
Crude protein (%)
Fat (%)
Crude fiber (%)
Linoleic acid (%)
Calcium (%)
Total phosphorus (%)
Non-phytin phosphorus (%)
Sorghum
87
3288
8.8
2.9
2.3
1.13
0.04
0.30
0.09
Pearl millet
89
2675
14
4.3
3.0
0.84
0.05
0.32
0.12
Maize
89
3350
8.5
3.8
2.2
2.20
0.02
0.28
0.08
Source: Nutritional Research Council (1994).
Table 3. Chemical composition of sorghum and pearl millet on dry matter basis.
Parameter
Dry matter (%)
Crude protein (%)
Crude fiber (%)
Fat (%)
Total ash (%)
Nitrogen-free extract (%)
Calcium (%)
Phosphorus (%)
Available carbohydrates (%)
Sorghum
88.4-99.2
10.0-14.1
1.5-5.9
1.8-5.7
1.77-3.60
65.3-84.2
0.01-0.36
0.13-0.69
56-63
Pearl millet
88-89.3
7.1-14.4
2.3-3.0
4.3-5.1
2.6-6.2
0.03-0.31
0.11-0.77
60.8
Maize
88.4-89.6
8.8-10.4
2.3-2.8
1.8-3.8
1.8-3.2
64-90
0.02-0.07
0.11-0.45
-
Source: Rama Subba Reddy (1998), Rama Subba Reddy and Nageswara Rao (2000).
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Table 5. Distribution of protein fractions (% of total protein) in sorghum and pearl
millet grains.
Fraction
Albumin + globulin
Prolamin
Cross-linked prolamin
Glutelin-like
Glutelin
Residue
Source: FAO (1995).
Sorghum
Range Mean
17.1-17.8
5.2-8.4
18.2-19.5
3.4-4.4
33.7-38.3
10.4-10.7
17.4
6.4
18.8
4.0
35.7
10.6
Pearl millet
Range Mean
22.6-26.6
22.8-31.7
1.8-3.4
4.7-7.2
16.4-19.2
3.3-5.1
25.0
28.4
2.7
5.5
18.4
3.9
a n d a c i d e x t r a c t a b l e ) . S o l u b i l i t y f r a c t i o n a t i o n s tud ies i n d i c a t e d h ighe r levels
o f a l b u m i n p lus g l o b u l i n i n pea r l m i l l e t va r i e t i e s t h a n i n s o r g h u m , w h i l e
a m o u n t s o f t h e c r o s s - l i n k e d p r o l a m i n , - p r o l a m i n , w e r e h i g h e r i n s o r g h u m
t h a n i n p e a r l m i l l e t (Table 5 ) .
S t u d i e s o n a m i n o a c i d c o m p o s i t i o n o f t h e p r o t e i n f r a c t i o n s o f s o r g h u m
gra in ( A h u j a e t a l . 1 9 7 0 ) s h o w e d t h a t t h e a l b u m i n a n d g l o b u l i n f r a c t i o n s
c o n t a i n e d h i g h a m o u n t s o f l y s i n e a n d t r y p t o p h a n a n d i n genera l w e r e w e l l
b a l a n c e d i n t h e i r essent ia l a m i n o a c i d c o m p o s i t i o n . O n t h e o t h e r h a n d , t h e
p r o l a m i n f r a c t i o n was e x t r e m e l y p o o r i n l y s i n e , a r g i n i n e , h i s t i d i n e a n d
t r y p t o p h a n a n d c o n t a i n e d h i g h a m o u n t s o f p r o l i n e , g l u t a m i c a c i d a n d
l e u c i n e . P resen t i n t h e f o r m o f p r o t e i n bod i e s , p r o l a m i n was f o u n d t o b e t h e
p r e d o m i n a n t p r o t e i n f r a c t i o n d i r e c t l y assoc ia ted w i t h t h e p r o t e i n c o n t e n t o f
Table 4. Chemical composition and nutritive value of sorghum
dry matter basis.
Parameter
Dry matter (%)
Crude protein (%)
Fat (%)
Crude fiber (%)
Ash (%)
Nitrogen-free extract (%)
Metabolizable energy (kcal kg-1)
Source: Laxmi Tulasi (2003).
cultivars and maize on
Sorghum cultivars
CSV 15 CSH 16
93 92
9.40 10.32
3.01 2.85
3.20 2.48
1.13 1.30
83.26 83.05
3422 3196
PSV 16
93
10.80
2.40
2.81
1.37
82.62
3402
S 35
92
11.90
3.73
4.02
1.53
79.22
3238
Maize
92
9.3
3.8
2.20
1.30
83.4
3700
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t h e g r a i n . G l u t e l i n , t h e s e c o n d m a j o r p r o t e i n f r a c t i o n , i s a s t r u c t u r a l
c o m p o n e n t t h a t r e p r e s e n t s t h e p r o t e i n m a t r i x i n t h e p e r i p h e r a l a n d i n n e r
e n d o s p e r m o f t h e s o r g h u m k e r n e l .
S o r g h u m c o n t a i n e d h i g h t r y p t o p h a n , w h i l e p e a r l m i l l e t c o n t a i n e d h i g h e r
levels o f essent ia l a m i n o acids a s c o m p a r e d t o m a i z e (Table 6 ) . A m i n o a c i d
c o m p o s i t i o n v a r i e d w i t h c u l t i v a r s . T h e c u l t i v a r S 3 5 has h i g h essent ia l a m i n o
a c i d c o n t e n t . T h e a m i n o a c i d d i g e s t i b i l i t y i n s o r g h u m i s s l i g h t l y less a s
c o m p a r e d t o m a i z e (Table 6 ) .
Carbohydrates
S o r g h u m a n d p e a r l m i l l e t s l i g h t l y d i f f e r i n cha rac t e r i s t i c s o f s tarches (Table 7 )
a n d c o m p o s i t i o n o f soub le sugars (Table 8 ) . I n m a n y s o r g h u m s , s t a r ch
d i g e s t i b i l i t y i s l o w a n d s t a r ch c o n t e n t m o r e va r i ab l e ( W a g n e r 1 9 8 2 ) .
Fat
C r u d e fa t c o n t e n t o f s o r g h u m i s 3 % , w h i c h i s l o w e r t h a n t h a t o f m a i z e a n d
p e a r l m i l l e t . T h e g e r m a n d a l e u r o n e layers are t h e m a i n c o n t r i b u t o r s t o t h e
l i p i d f r a c t i o n . T h e g e r m i t s e l f p r o v i d e s a b o u t 8 0 % o f t h e t o t a l f a t . Ave rage
f a t t y a c i d c o m p o s i t i o n o f s o r g h u m a n d m a i z e i s g i v e n i n Tab le 9 .
Table 6 . A m i n o acid compos i t ion (% of prote in) of s o r g h u m (SG) and maize a n d their
digest ibi l i ty coef f ic ients .
Amino acid
Methionine
Cystine
Lysine
Threonine
Tryptophan
Arginine
Isoleucine
Leucine
Valine
Histidine
Crude protein
SG
0.17
0.16
0.24
0.31
0.10
0.37
0.34
0.99
0.44
0.20
(%)10.5
Pearl
millet
0.25
0.24
0.45
0.48
0.08
0.74
0.37
1.14
0.49
0.39
15.7
Maize
0.18
0.19
0.27
0.32
0.07
0.44
0.31
1.07
0.42
0.26
9.0
SG cultivars
S 35
0.17
0.19
0.22
0.33
0.12
0.40
0.40
1.31
0.51
-
10.5
PSV 16
0.17
0.16
0.20
0.30
0.11
0.36
0.36
1.19
0.47
-
9.52
CSV 15
0.15
0.17
0.20
0.27
0.09
0.33
0.31
0.79
0.46
-
8.27
CSH 16
0.16
0.18
0.20
0.29
0.10
0.34
0.35
1.16
0.45
-
9.08
Digestibility
coefficient (%)
SG
88
80
78
80
85
78
88
93
86
86
-
Maize
91
88
82
84
80
90
89
93
88
91
-
Source: Nutritional Research Council (1994), Degussa Feed Additives (2001).
Fiber
T h e f i b e r c o n t e n t o f s o r g h u m i s h i g h e r t h a n m a i z e b u t i s q u i t e va r iab le (Table
4 ) . K a r i m a n d R o o n e y ( 1 9 7 2 ) r e p o r t e d t h a t t h e p e n t o s a n c o n t e n t o f s o r g h u m
v a r i e d f r o m 2 . 5 1 t o 5 . 5 7 % . Pentosans o c c u r i n ce l l wa l l s o f cerea l grains and
are a h e t e r o g e n e o u s m i x t u r e o f po l ysaccha r i des ; m a n y o f w h i c h c o n t a i n
p r o t e i n s . E a r p e t a l . ( 1 9 8 3 ) i d e n t i f i e d t h e m i x e d l i n k e d -g lucans i n s o r g h u m
p e r i c a r p , a l e u r o n e a n d e n d o s p e r m . T h e s e are w a t e r so lub le a n d f o r m v iscous,
s t i c k y s o l u t i o n s . T h i s p r o p e r t y m a y b e i m p o r t a n t i n m a l t i n g o f s o r g h u m b u t i t
i s a d i sadvan tage i n t h e a l i m e n t a r y t r a c t o f b i r d s . C h o l e s t e r o l l o w e r i n g
p r o p e r t y i s seen i n g lucans i so la ted f r o m s o r g h u m .
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Table 8 . C o m p o s i t i o n (%) o f s o l u b l e s u g a r s in s o r g h u m a n d pear l mi l let g ra ins .
Grain
Sorghum
Pearl millet
Source: FAO (1995).
Number of
cultivars
10
9
Total
sugar
2.25
2.56
Sucrose
1.68
1.64
Glucose + 
fructose Raffinose Stachyose
0.25 0.23 0.10
0.11 0.71 0.09
Tab le 7 . C h a r a c t e r i s t i c s o f s ta rch o f s o r g h u m a n d pear l mil let .
Amylose
Grain (%)
Sorghum 24.0
Pearl millet 21.1
Source: FAO (1995).
Gelatinization
temperature (°C)
Initial Final
68.5 75.0
61.1 68.7
Water
binding
capacity
( % )
105
87.5
Viscosity (amylogragh -
Brabend)
Swelling Solubility After Cooled
at 90°C at 90°C At 93 holding to 35 or
(%) (%) to 95°C at 95°C 50°C
22 22 600 400 580
13.1 9.16 460 396 568
Table 9 . A v e r a g e fat ty ac id c o m p o s i t i o n o f s o r g h u m a n d m a i z e .
Dry Ether
Grain matter extract C12:0 C14:0
Sorghum 89 2.8
Maize 89 3.8
Source: Nutritional Research Council (1994).
Selected fatty acid (% of feed ingredient)
C16:0 C16:1 C18:0 C18:1 C18:2 C18:3
0.56 0.15 0.03 0.89 1.13 0.06
0.62 - 0.10 1.17 1.82 0.09
T h e f i b e r c o n t e n t o f p e a r l m i l l e t i s h i g h e r t h a n s o r g h u m a n d m a i z e (Table
2 ) . Pentosans o f p e a r l m i l l e t r e p r e s e n t arabinose , x y l o s e a n d galactose, f o l l w e d
b y r h a m n o s e a n d fucose ( B a i l e y e t a l . 1 9 7 9 ) . Pearl m i l l e t con t a in s 0 . 6 6 % w a t e r
so lub l e n o n - s t a r c h po lysaccha r ides a n d 3 . 8 8 % w a t e r i n s o l u b l e n o n - s t a r c h
po lysaccha r ide s .
Minerals
M i n e r a l c o m p o s i t i o n o f s o r g h u m i s c o m p a r e d w i t h p e a r l m i l l e t a n d m a i z e
(Table 1 0 ) . I n s o r g h u m g ra in , m i n e r a l s are u n e v e n l y d i s t r i b u t e d a n d are m o r e
c o n c e n t r a t e d i n t h e g e r m a n d seed coa t .
Vitamins
C h o l i n e , n i a c i n , p a n t o t h e n i c a c i d a n d r i b o f l a v i n are h i g h i n s o r g h u m a n d pea r l
m i l l e t a s c o m p a r e d t o m a i z e (Table 1 1 ) . S o r g h u m c o n t a i n e d h i g h e r b i o t i n t h a n
m a i z e . Pearl m i l l e t c o n t a i n e d a l m o s t d o u b l e t h e q u a n t i t y o f t h i a m i n e
c o m p a r e d t o m a i z e .
Nutritional inhibitors and toxic factors
A n t i n u t r i t i o n a l f ac to r s can be c lass i f ied b r o a d l y a s t hose n a t u r a l l y p r e sen t i n
t h e grains a n d those o c c u r r i n g d u e t o c o n t a m i n a t i o n w h i c h m a y b e o f funga l
Table 10. Minera l compos i t ion of s o r g h u m , pear l mil let a n d maize .
Mineral
Calcium (%)
Phosphorus (%)
Non-phytin phosphorus (%)
Sodium (%)
Sulfur (%)
Potassium (%)
Chloride (%)
Iron (ppm)
Magnesium (ppm)
Manganese (ppm)
Copper (ppm)
Selenium (ppm)
Zinc (ppm)
Source: Nutritional Research Council (1994).
Sorghum
0.04
0.30
0.09
0.01
0.06
0.35
0.09
45
0.15
15
10
0.2
15
Pearl millet
0.05
0.32
0.12
0.04
0.13
0.43
0.14
25
0.16
31
22
-
13
Maize
0.02
0.28
0.08
0.02
0.08
0.30
0.04
45
0.12
7
3
0.03
18
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Table 1 1 . V i tamin compos i t ion ( p p m ) o f s o r g h u m , pearl mil let and maize .
Vitamin
Biotin
Choline
Folacin
Niacin
Pantothenic acid
Pyridoxine
Riboflavin
Thiamine
Vitamin E 
Source: Nutritional Research Council (1994).
Sorghum
0.26
668
0.2
41
12.4
5.2
1.3
3.0
7
Pearl millet
_
793
_
53
7.8
-
1.6
6.7
-
Maize
0.06
620
0.4
24
4.0
7.0
1.0
3.5
22
o r i g i n o r m a y b e r e l a t e d t o so i l a n d o t h e r e n v i r o n m e n t a l in f luences . These
fac to rs m o d i f y t h e n u t r i t i o n a l va lue o f grains a n d some o f t h e m have serious
n u t r i t i o n a l a n d h e a l t h consequences . T h e a n t i n u t r i e n t s a n d t o x i c substances
associa ted w i t h s o r g h u m a n d pea r l m i l l e t are d iscussed b e l o w .
Phytate
P h y t i c a c i d i s t h e m a i n p h o s p h o r u s s tore i n m a t u r e g r a i n . I t r e a d i l y f o r m s
c o m p l e x e s w i t h m i n e r a l s a n d p r o t e i n s . M o s t p h y t a t e - m e t a l c o m p l e x e s are
i n s o l u b l e a n d m a k e several m i n e r a l s unava i lab le i n an ima l s a n d b i r d s . B r a n a n d
a l eu rone layers o f t h e g ra in are a m a j o r source o f p h y t a t e a n d t o t a l p h o s p h o r u s
i n s o r g h u m . T h e p h y t a t e c o n t e n t o f s o r g h u m a n d m i l l e t are a l m o s t s i m i l a r t o
t h a t o f ma ize and i t i s n o t a serious p r o b l e m in d i e t s f o r c h i c k e n .
Polyphenols
W i d e l y d i s t r i b u t e d p o l y p h e n o l s i n p l an t s are n o t d i r e c t l y i n v o l v e d i n any
m e t a b o l i c process a n d are t h e r e f o r e c o n s i d e r e d secondary m e t a b o l i t e s .
P h e n o l i c c o m p o u n d s in s o r g h u m can be c lass i f ied a s p h e n o l i c acids, f l avono ids
a n d c o n d e n s e d p o l y m e r i c p h e n o l s k n o w n a s t ann in s . Pheno l i c acids, f ree o r
b o u n d a s esters, are c o n c e n t r a t e d i n t h e o u t e r layers o f t h e g ra in . T h e y i n h i b i t
g r o w t h o f m i c r o o r g a n i s m s a n d p r o b a b l y i m p a r t resis tance against g ra in m o l d .
F l a v o n o i d s i n s o r g h u m , de r iva t i ve s o f t h e m o n o m e r i c p o l y p h e n o l f l a v o n - 4 - o l
are c a l l e d a n t h o c y a n i d i n s . T h e t w o f l avono ids i n s o r g h u m are l u t e o f o r o l a n d
a p i f o r o l . J a m b u n a t h a n e t a l . ( 1 9 8 6 ) obse rved t h a t resis tance t o g r a in m o l d s
r a t h e r t h a n t o b i r d s ( S u b r a m a n i a n e t a l . 1 9 8 3 ) was associated w i t h f l a v o n - 4 - o l
c o n t e n t o f t h e g r a i n .
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Tann ins are p o l y m e r s r e s u l t i n g f r o m c o n d e n s a t i o n o f f l a v o n - 3 - o l s .
D u r i n g g r a i n d e v e l o p m e n t , f l a v o n o i d m o n o m e r s are s y n t h e s i z e d a n d t h e n
c o n d e n s e d t o f o r m o l i g o m e r i c p r o a n t h o c y a n i d i n s o f f o u r t o s ix u n i t s .
Tann ins , w h i l e c o n f e r r i n g t h e a g r o n o m i c advan tage o f b i r d res i s t ance ,
a d v e r s e l y a f f e c t t h e g ra in ' s n u t r i t i o n a l q u a l i t y ( B u t l e r e t a l . 1 9 8 4 ) . Tann ins
are g e n e r a l l y l o c a t e d o n t h e o u t e r seed c o a t o f s o r g h u m g r a i n . T h e r e i s n o
c lea r r e l a t i o n s h i p b e t w e e n seed c o a t c o l o r a n d t a n n i n c o n t e n t . H i g h t a n n i n
s o r g h u m s are u s u a l l y d a r k e r i n c o l o r , b u t s o m e d a r k c o l o r e d s o r g h u m s are
l o w i n t a n n i n s .
A q u i c k t e s t was d e v e l o p e d t o c u t t h e seed a n d obse rve p re sence o f
p i g m e n t e d t a n n i n i n t h e t e s t a . A b l e a c h t e s t f o r p r e sence o r absence o f
p i g m e n t e d t e s t a gives a f a i r i n d i c a t i o n o f t a n n i n i n g ra ins . A b o u t 2 0 g 
s o r g h u m i s m i x e d w i t h 5 g p o t a s s i u m h y d r o x i d e a n d 7 5 m l o f h o u s e h o l d
b l e a c h . T h e m i x t u r e i s s h a k e n u n t i l p o t a s s i u m h y d r o x i d e d isso lves a n d t h e n
i t i s set as ide f o r 2 0 m i n u t e s . G r a i n s are s t a i n e d a n d r i n s e d w i t h w a t e r a n d
p l a c e d o n a p a p e r t o w e l . P o t a s s i u m h y d r o x i d e r e m o v e s t h e o u t e r p e r i c a r p
a n d s o t h e t e s t a i s e x p o s e d . H i g h t a n n i n gra ins appea r d a r k b r o w n o r b l a c k
w h i l e l o w t a n n i n gra ins are b l e a c h e d w h i t e o r y e l l o w ( L e e s o n a n d S u m m e r s
2 0 0 1 ) . Tann ins i n g r a i n can b e e s t i m a t e d b y s p e c t r o p h o t o m e t r i c m e t h o d
( B u r n s 1 9 7 1 , P o r t e r e t a l . 1 9 8 6 ) . T h e adverse e f f e c t s o f t a n n i n s are r e d u c e d
d i g e s t i b i l i t y a n d g r o w t h r e t a r d a t i o n i n c h i c k e n w h e n p r o t e i n i n d i e t i s
m a r g i n a l .
D i f f e r e n t m e t h o d s h a v e b e e n t r i e d t o i n a c t i v a t e o r d e t o x i f y t h e
t a n n i n s i n b i r d r e s i s t a n t s o r g h u m s t o i m p r o v e t h e i r n u t r i t i o n a l q u a l i t y .
S o m e o f t h e s e m e t h o d s are m o i s t u r i z i n g w i t h a l k a l i , d i l u t e a q u e o u s
a m m o n i a , M u g a d i soda s o l u t i o n , f o r m a l d e h y d e a n d p o l y e t h y l e n e g l y c o l
( F A O 1 9 9 5 ) .
Digestive enzyme inhibitors 
I n h i b i t o r s o f amylases a n d proteases have b e e n i d e n t i f i e d i n s o r g h u m a n d
s o m e m i l l e t s ( P a t t a b h i r a m a n 1 9 8 5 ) . T h e n u t r i t i o n a l s ign i f i cance o f t h e
e n z y m e i n h i b i t o r s p r e s e n t i n s o r g h u m a n d m i l l e t s i s n o t c l e a r l y u n d e r s t o o d
a n d h e n c e f u r t h e r r e sea rch i s n e e d e d .
Goitrogens
G o i t r o g e n s w e r e i d e n t i f i e d i n p e a r l m i l l e t ( O s m a n a n d Fa tah 1 9 8 1 ) . F e e d i n g
t r i a l s i n ra ts s h o w e d t h a t g o i t r o g e n i n h i b i t e d d e i o d i n a t i o n o f t h y r o x i n e ( T 4 ) t o
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t r i i o d o t h y r o n i n e ( T 3 ) . I o d i n e s u p p l e m e n t a t i o n d i d n o t a l l ev ia te t h e
g o i t r o g e n i c e f f ec t o f p e a r l m i l l e t . Y e l l o w c o l o r e d p e a r l m i l l e t was less
g o i t r o g e n i c t h a n b r o w n o r gray m i l l e t .
Mycotoxins
L i k e o t h e r cereals , s o r g h u m a n d p e a r l m i l l e t are su scep t i b l e t o funga l g r o w t h
a n d m y c o t o x i n p r o d u c t i o n u n d e r c e r t a i n e n v i r o n m e n t a l c o n d i t i o n s . S torage
f u n g i , m o s t l y species o f Aspergillus a n d Penicillium are f o u n d on f o o d g ra in
s t o r e d w i t h m o i s t u r e c o n t e n t g r ea t e r t h a n 1 3 % (Sauer 1 9 8 8 ) . M o l d y
s o r g h u m p a n i c l e s w e r e r e p o r t e d t o b e c o n t a m i n a t e d w i t h a f l a t o x i n s B a n d G 
( T r i p a t h i 1 9 7 3 ) . I n f e s t a t i o n o f p e a r l m i l l e t b y pa ras i t i c f u n g i , Claviceps 
fusiformis, c aused an o u t b r e a k o f e r g o t i s m . Fusarium spp on s o r g h u m
re leased T 2 t o x i n .
S o r g h u m u t i l i z a t i o n i n p o u l t r y d ie ts
T h e i n f o r m a t i o n ava i lab le o n t h e g r o w t h o f c h i c k s f e d o n s o r g h u m t o r ep l ace
m a i z e p a r t b y p a r t o r i s o c a l o r i c a l l y have been r e v i e w e d b y R a m a Subba
R e d d y a n d N a g e s w a r a Rao ( 2 0 0 0 ) . D a t a i n d i c a t e d t h a t s o r g h u m can b e
i n c l u d e d u p t o 6 0 % i n b r o i l e r d i e t s r e p l a c i n g m a i z e w i t h o u t a f f e c t i n g t h e
p e r f o r m a n c e . T h e b r o i l e r s t o l e r a t e d u p t o 0 . 2 6 % t a n n i n s i n t h e i r d i e t . T h e
a d d i t i o n o f t a l l o w a t 6 % i m p r o v e d f e e d c o n v e r s i o n r a t i o ( F C R ) a t h i g h e s t
d i e t a r y t a n n i n c o n t e n t ( 0 . 6 5 % ) (Pour-Reza a n d Edr i s s 1 9 9 7 ) . R e d u c t i o n i n
b o d y w e i g h t a n d F C R d u e t o h i g h t a n n i n c o n t e n t i n t a k e can o n l y p a r t i a l l y b e
i m p r o v e d b y t h e a d d i t i o n o f a n i m a l f a t . I m p r o v e d F C R r e s u l t e d f r o m
r e d u c t i o n i n t h e r a t e o f passage o f d iges ta (Pour-Reza a n d Edr i s s 1 9 9 7 ) . I n
b r o i l e r c h i c k s , S h a r m a e t a l . ( 1 9 7 9 ) o b s e r v e d s u p e r i o r i t y o f p e a r l m i l l e t o v e r
m a i z e , w h e a t a n d s o r g h u m .
E f f e c t o f f e e d i n g s o r g h u m t o b r o i l e r s o n m e a t q u a l i t y was s t u d i e d b y
C h e r i a n e t a l . ( 2 0 0 2 ) . S o r g h u m f e e d i n g m a y i m p r o v e t h e c o l o r s t a b i l i t y o f
m e a t by i t s a n t i o x i d a n t e f f ec t . T a n n i n a n d r e l a t e d p h e n o l c o m p o u n d s are a s
e f f e c t i v e as v i t a m i n E as an a n t i o x i d a n t .
S u p p l e m e n t a t i o n o f s o r g h u m gra in d ie t s w i t h m e t h i o n i n e ( 0 . 1 5 % ) a n d
c h o l i n e ( 0 . 2 % o f 2 5 % p u r i t y ) r e s u l t e d i n s ign i f i can t i m p r o v e m e n t i n w e i g h t
ga in a n d F C R . P o l y v i n y l p y r r o l i d o n e ( 1 % ) c o m p l e t e l y a t t e n u a t e d t h e t a n n i c
a c i d e f f ec t i n b r o i l e r s . L a y e r b i r d s o n s o r g h u m d i e t s a t 5 0 a n d 1 0 0 %
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r e p l a c e m e n t o f m a i z e have r e s u l t e d i n s i m i l a r p e r f o r m a n c e a s c o m p a r e d t o
m a i z e ( R a m a Subba R e d d y a n d N a g e s w a r a Rao 2 0 0 0 ) .
Pearl m i l l e t u t i l i z a t i o n i n p o u l t r y d i e t s
I n c l u s i o n o f p e a r l m i l l e t a t h i g h ra t e ( 4 7 . 1 % ) p r o m o t e d bes t e f f i c i e n c y o f
p r o t e i n d i g e s t i o n . Pearl m i l l e t r e p l a c e d t o t a l m a i z e i n b r o i l e r d i e t w i t h o u t
a f f e c t i n g t h e b r o i l e r p e r f o r m a n c e . S ingh a n d Barsaul ( 1 9 7 6 ) have o b s e r v e d
i m p r o v e m e n t i n t h e F C R w h e n p e a r l m i l l e t r e p l a c e d m a i z e i n b r o i l e r d i e t s .
W h e n p e a r l m i l l e t r e p l a c e d m a i z e p a r t p e r p a r t o r i soca lo r i ca l l y a n d
i s o p r o t e i n i c a l l y , t h e p e r f o r m a n c e o f c h i c k s was e i t h e r c o m p a r a b l e o r b e t t e r
t h a n those f e d w i t h m a i z e ( A y y a l u s w a m i e t a l . 1 9 6 7 , S i n g h a n d Barsaul 1 9 7 6 ,
S h a r m a e t a l . 1 9 7 9 , A s h a Rajani e t a l . 1 9 8 6 , N a g r a e t a l . 1 9 8 7 , Satyanarayana
R e d d y e t a l . 1 9 8 9 , P u r u s h o t h a m a n a n d T h i r u m a l a i 1 9 9 5 , Rama Rao e t a l .
1 9 9 7 ) . A s such , m a x i m u m l e v e l u sed i n t h e e x p e r i m e n t s ( 2 1 . 5 t o 6 0 % ) c o u l d
b e t a k e n a s t h e m a x i m u m l e v e l o f i n c l u s i o n o f p e a r l m i l l e t i n d i e t . Pearl m i l l e t
was i n c l u d e d a t 2 7 . 8 % i n u n g r o u n d f o r m o r g r o u n d f o r m o r a t 2 7 . 8 % u n g r o u n d
f o r m p lu s 2 7 . 8 % g r o u n d f o r m . T h e p e r f o r m a n c e was s i m i l a r w h e t h e r p e a r l
m i l l e t was i n g r o u n d f o r m o r u n g r o u n d f o r m . I n t w o s tud ies o n layers , p e a r l
m i l l e t was i n c l u d e d a t 3 2 % p a r t p e r p a r t f o r m a i z e a n d a t 60%) p a r t pe r p a r t o r
i soca lo r i ca l l y a n d i s o p r o t e i n i c a l l y a t t h e expense o f m a i z e . I n a l l t h e cases, t h e
p e r f o r m a n c e o f layers w i t h p e a r l m i l l e t f e e d was c o m p a r a b l e t o t h o s e o n
ma ize d i e t , b u t f o r y o l k c o l o r ( R a m a c h a n d r a R e d d y a n d R e d d y 1 9 7 0 , S r i l a t ha
Ran i 1 9 9 5 ) .
D i g e s t i b i l i t y o f d r y m a t t e r , e t h e r e x t r a c t , c r u d e f i be r , n i t r o g e n - f r e e
e x t r a c t a n d ba l ance o f c a l c i u m a n d p h o s p h o r u s r e m a i n e d u n a f f e c t e d a t 3 
a n d 9 w e e k s o f age ( S i n g h a n d Barsau l 1 9 7 6 ) . E n e r g y a n d p r o t e i n d e p o s i t i o n
i n b r o i l e r s w h e n f e d o n p e a r l m i l l e t was o b s e r v e d t o b e b e t t e r t h a n w h e n f e d
o n m a i z e d i e t ( S h a r m a e t a l . 1 9 7 9 ) . Sa tyanarayana R e d d y e t a l . ( 1 9 9 1 )
o b s e r v e d n o e f f e c t o f p e a r l m i l l e t d i e t o n a b d o m i n a l f a t a n d r e a d y t o c o o k
y i e l d i n b r o i l e r s w h i l e R a m a Rao e t a l . ( 1 9 9 7 ) r e p o r t e d h i g h e r a b d o m i n a l f a t
w h e n b r o i l e r s f e d o n p e a r l m i l l e t d i e t t h a n o n m a i z e d i e t . S o u r c e o f e n e r g y i n
t h e d i e t d i d n o t i n f l u e n c e egg p r o d u c t i o n , i n d i c a t i n g t h a t p e a r l m i l l e t can b e
u s e d a s a n a l t e r n a t i v e t o y e l l o w m a i z e w i t h o u t a f f e c t i n g egg p r o d u c t i o n i n
b r o i l e r b r e e d e r d i e t . K u m a r e t a l . ( 1 9 9 1 ) a n d P u r u s h o t h a m a n a n d
T h i r u m a l a i ( 1 9 9 5 ) d i d n o t f i n d d i f f e r e n c e s i n egg p r o d u c t i o n d u e t o f e e d i n g
o f p e a r l m i l l e t .
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Potential of Sorghum for Feed Industry in
Thailand and Indonesia
B Boonsue1
Abstract
Maize has been a traditional feed grain in Thailand and Indonesia for many 
decades. Recently, there was a big shortage of maize supplies due to increasing 
demands from the rapidly growing poultry industry. Consequently, large 
quantities of maize grain have to be imported annually to balance the deficits in 
both countries. The chance to increase maize production seems limited due to 
continuous environmental stresses resulting in unfavorable conditions for 
profitable maize cultivation at subsistence levels. As sorghum is drought tolerant, 
it may be a good alternative feed grain in these areas. The essential need is to 
develop a sound breeding program to breed more adaptable varieties and hybrids 
with better yield and quality. 
Feed c o n s u m p t i o n i n Sou theas t As i a has s t ead i ly inc reased d u r i n g t h e last f o u r
decades . S ince 1 9 6 0 , t h e t o t a l ma i ze (Zea mays) f e ed c o n s u m p t i o n i n t h e
r e g i o n inc reased 1 6 - f o l d f r o m less t h a n 1 m i l l i o n t i n 1 9 6 0 t o a b o u t 1 6 m i l l i o n
t i n 2 0 0 2 . T h a i l a n d a n d I n d o n e s i a c o n s u m e a b o u t h a l f o f t h i s q u a n t i t y . T h e
p o u l t r y i n d u s t r y has been r a p i d l y g r o w i n g i n these c o u n t r i e s .
T h a i l a n d , w i t h 6 2 m i l l i o n p e o p l e , i s t h e m a j o r p o u l t r y p r o d u c e r f o r
e x p o r t s . I t e x p o r t s a b o u t o n e - t h i r d o f i t s t o t a l annua l p r o d u c t i o n w h i l e
Indones ia ' s p o u l t r y p r o d u c t i o n i s m a i n l y f o r d o m e s t i c c o n s u m p t i o n hav ing a 
p o p u l a t i o n o f 2 2 5 m i l l i o n ( F i g . 1 ) .
M a i z e , a t r a d i t i o n a l cereal in t h e reg ion , i s t h e o n l y m a j o r g ra in source f o r
t h e f eed i n d u s t r y i n b o t h coun t r i e s . M o s t ma ize f a rmer s are s t i l l f a r m i n g a t
subsis tence levels . A l t h o u g h T h a i l a n d has l o n g b e e n k n o w n as a ma ize e x p o r t e r ,
n o w i t i s c ruc i a l f o r T h a i l a n d t o i m p o r t ma ize t o m e e t t h e increas ing d e m a n d o f
d o m e s t i c feed c o n s u m p t i o n ( F i g . 2 ) . A s imi l a r s i t u a t i o n i s t a k i n g place in
Indones ia w h e r e m o r e t h a n 1 m i l l i o n t ma i ze i s i m p o r t e d annua l ly t o m e e t t h e
r e q u i r e m e n t o f t h e g r o w i n g d e m a n d o f f e e d i n d u s t r y ( F i g . 3 ) .
I t i s a n t i c i p a t e d t h a t s o r g h u m (Sorghum bicolor) w i t h i t s u n i q u e a b i l i t y t o
b e t t e r w i t h s t a n d e n v i r o n m e n t a l stresses such a s d r o u g h t s h o u l d be se r ious ly
s t u d i e d t o b e a n a d d i t i o n a l a l t e r n a t i v e f e e d g r a i n f o r t h i s w e t t r o p i c a l r e g i o n .
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1. C h a r o e n P o k p h a n d G r o u p , 3 1 3 S i l o m Road, Bangrak, Bangkok , 1 0 5 0 0 , T h a i l a n d .
Figure 2. Production (P), feed consumption (FC), exports (E) and imports (I) 
of maize in Thailand, 1960 to 2002. (Source: USDA 2003.) 
Year
Figure 1. Poultry production and exports in Thailand and Indonesia. (Source: 
USDA 2003.) 
Year
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Year
Figure 3. Production (P), feed consumption (FC) and imports (I) of maize in 
Indonesia, 1960 to 2002. (Source: USDA 2003.) 
T h e m a r g i n a l l ands t h a t are n o t s u i t e d fo r m a i z e m a y b e p o t e n t i a l areas f o r
s o r g h u m p r o d u c t i o n .
Feed g r a i n i m p r o v e m e n t i n T h a i l a n d
In 1 9 6 6 t h e N a t i o n a l C o r n a n d S o r g h u m Research P r o g r a m was o rgan ized a s a 
c o o p e r a t i v e e f f o r t i n v o l v i n g Kase t sa r t U n i v e r s i t y , t h e M i n i s t r y o f A g r i c u l t u r e
a n d C o o p e r a t i v e s , a n d t h e R o c k e f e l l e r F o u n d a t i o n . T h i s p r o g r a m p r o v i d e d
T h a i f a r m e r s w i t h i m p r o v e d m a i z e a n d s o r g h u m var ie t i e s a n d c u l t i v a t i o n
prac t i ce s , r e s u l t i n g i n 5 - f o l d increase i n m a i z e p r o d u c t i o n w i t h i n t w o decades.
M a i z e w a s t h e n ( u n t i l 1 9 8 5 ) p r o d u c e d m a i n l y f o r e x p o r t s ( a b o u t 6 0 - 7 0 % o f
annua l p r o d u c t i o n ) .
H o w e v e r , i n t h e last t w o decades m a i z e areas s t e a d i l y d e c l i n e d f r o m
m a x i m u m 2 .3 m i l l i o n h a t o t h e c u r r e n t 1.1 m i l l i o n ha . B u t i t s r a t h e r
c o n s i s t e n t a n n u a l p r o d u c t i o n o f a b o u t 4 m i l l i o n t was m a i n t a i n e d b y h i g h e r
y i e l d s o f m a n y s u p e r i o r h y b r i d s r e l ea sed f r o m p r i v a t e seed c o m p a n i e s ( F i g .
4 ) . I n t h e m e a n t i m e , t h e b o o m i n g f e e d i n d u s t r y a b s o r b e d m o s t o f t h e
p r o d u c t i o n u n t i l s o m e i m p o r t s s t a r t i n g f r o m 1 9 9 1 t i l l d a t e b a l a n c e d t h e
d e f i c i t s ( F i g . 2 ) .
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T h e cha l lenge i s h o w to u t i l i z e t h e 1 m i l l i o n ha o l d ma ize areas f o r f e e d
gra in p r o d u c t i o n again. M o s t o f these areas w e r e n a t u r a l r a i n forests w h e r e
fa rmer s , a f te r d e f o r e s t a t i o n , h a d e x p l o i t e d v i r g i n so i l f e r t i l i t y a n d g o o d r a in f a l l
f o r m a i z e c u l t i v a t i o n w i t h p r o f i t a b l e y i e l d s i n t h e past several decades.
C o n s e q u e n t l y these lands b e c a m e d e p l e t e d i n soi l f e r t i l i t y a n d m o i s t u r e and
w e r e u n s u i t a b l e fo r g r o w i n g m o r e p r o f i t a b l e ma ize c r o p . I f su i tab le s o r g h u m
var ie t i e s w i t h sa t i s fac tory e c o n o m i c r e t u r n s t o f a r m e r s c o u l d b e d e v e l o p e d fo r
these m a r g i n a l lands, a t least 1-2 m i l l i o n t o f feed g ra in c o u l d be p r o d u c e d to
s u b s t i t u t e f o r c u r r e n t ma i ze i m p o r t s .
O n t h e con t r a ry , t h e n a t i o n - w i d e s o r g h u m p r o d u c t i o n , m e a n w h i l e , was
n o t s i g n i f i c a n t l y inc reased a s c o m p a r e d t o ma ize . S o r g h u m area was m a x i m u m
i n 1 9 8 5 / 8 6 a n d r eached o n l y 2 8 0 , 0 0 0 ha; later , i t d r a s t i ca l ly d r o p p e d d o w n t o
t h e p r e sen t l e v e l o f 9 0 , 0 0 0 h a ( F i g . 5 } .
T h e h ighes t annua l p r o d u c t i o n o f abou t 4 0 0 , 0 0 0 t also r e d u c e d t o a r o u n d
1 5 0 , 0 0 0 t d e s p i t e t h e average y i e l d increase f r o m 1.25 to
1.75 t ha - 1 . T h e y i e l d i m p r o v e m e n t was a t t r i b u t a b l e t o i m p r o v e d var ie t i es
f r o m p u b l i c i n s t i t u t i o n s a n d c o m m e r c i a l h y b r i d s f r o m p r i v a t e seed c o m p a n i e s .
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Figure 4. Harvested area, production and yield of maize in Thailand, 1960 
to 2002. (Source: USDA 2003.) 
Year
T h e f o l l o w i n g are s o m e m a i n facts a t t r i b u t a b l e t o t h e above s o r g h u m
p h e n o m e n a :
• M o s t s o r g h u m s are p l a n t e d as s e c o n d c r o p a f t e r m a i z e on u p l a n d s a n d
d e p e n d o n l y o n r e s i d u a l m o i s t u r e a f t e r m a i z e harves t . T h e res t are g r o w n a s
m a i n c rops i n areas w h e r e seasonal ra ins are m o r e i r r e g u l a r a n d r i s k y f o r
m a i z e .
• T h e average y i e l d s o f s o r g h u m u n d e r above s i t ua t i ons are c o n s i s t e n t l y l o w e r
( a b o u t 5 0 % ) t h a n those o f m a i z e u n d e r g o o d c o n d i t i o n a n d are n o t g o o d
cho ices w h e n f a r m e r s have o t h e r a l t e rna t ives .
• F a r m e r s n o r m a l l y use less i m p r o v e d p r o d u c t i o n i n p u t s ( ie , f e r t i l i z e r s a n d
c u l t u r a l p r a c t i c e s ) t h a n u s e d f o r m a i z e t o r e d u c e t h e cos t o f s o r g h u m
p r o d u c t i o n a n d m a k e m o r e p r o f i t s .
• P r i ce o f s o r g h u m g r a i n i s n o r m a l l y l o w e r ( a b o u t 10%) t h a n t h a t o f m a i z e .
• F a r m e r s have m o r e d i f f i c u l t i e s i n h a n d l i n g s o r g h u m c r o p p r o d u c t i o n ( i e ,
b i r d damage , d r y i n g a n d s torage f a c i l i t i e s ) . T h e s e p r o b l e m s o f t e n r e s u l t i n
p o o r g r a i n q u a l i t y a n d f i e l d losses.
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Figure 5. Harvested area, production and yield of sorghum in Thailand, 1968 
to 2002. (Source: Ministry of Agriculture and Cooperatives 1960-2002.) 
Year
Feed g r a i n d e v e l o p m e n t i n I n d o n e s i a
M a i z e has l o n g been a t r a d i t i o n a l f o o d a n d f eed c r o p in Indones ia . S ince 1 9 6 0
f a r m e r s h a d d e p e n d e d o n u n i m p r o v e d loca l var ie t ies w i t h a n average y i e l d o f
a b o u t 1 t ha - 1 . A f t e r t h e g o v e r n m e n t ' s p r o m o t i o n on fo r e ign i n v e s t m e n t f o r
m a i z e seed i n d u s t r y i n 1 9 8 1 , n o t o n l y h i g h - y i e l d i n g var ie t i es and h y b r i d s w e r e
c o m m e r c i a l l y d e v e l o p e d b u t also h i g h q u a l i t y seeds w e r e m a d e avai lable t o
f a r m e r s o n i n d u s t r i a l scale (Boonsue 1 9 8 8 ) .
C o n s e q u e n t l y , m a i z e p r o d u c t i o n d o u b l e d i n t h r e e decades f r o m 3 m i l l i o n
t i n 1975 t o m o r e t h a n 6 m i l l i o n t i n 2 0 0 2 , w h i l e p l a n t i n g area r e m a i n e d
a l m o s t t h e same a t a b o u t 3 m i l l i o n h a ( F i g . 6 ) . O b v i o u s l y , t h e p r o d u c t i o n
increase was d u e m a i n l y t o t h e i m p r o v e d y i e ld s o f n e w var ie t ies a n d h y b r i d s
f r o m b o t h p u b l i c a n d p r i v a t e seed en te rp r i ses .
Four d i s t i n c t ma ize p r o d u c t i o n systems i n Indones ia are desc r ibed b y M i n k
( 1 9 8 4 ) . T h e m o s t c o m m o n p rac t i c e ( 5 5 % ) i s m o n o c u l t u r e o f ma ize af ter maize
fo r t w o o r t h r e e crops pe r year by us ing short-season var ie t ies . T h e second
( 2 4 % ) i s a single ma ize c r o p pe r year, n o r m a l l y i n t e r c r o p p e d w i t h u p l a n d r ice
(Oryza sativa) or cassava (Manihot esculenta) f o r t h e tegal ( up l and ) areas. In
Year
Figure 6. Production, harvested area and yield of maize in Indonesia, 1960 
to 2002. (Source: USDA 2003.) 
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t h e t h i r d s y s t e m ( 1 0 % ) , ear ly ma ize var ie t ies , m o s t l y i n t e r c r o p p e d w i t h soybean
( G l y c i n e max) a n d m u n g bean (Vigna radiata), are p l a n t e d e i t h e r be fo re or
af ter r i ce f o r t h e r a i n f e d sawah ( l o w l a n d ) areas. T h e f o u r t h sys t em (abou t 11%)
i s t h e m o s t in tens ive p r o d u c t i o n p r ac t i c e w h e r e m e d i u m t o la te var ie t ies are
c u l t i v a t e d u n d e r i r r i g a t e d sawah, i n one o r t w o seasons af ter t h e m a i n r i ce c r o p .
T h e average y i e l d i s a b o u t t w i c e t h e n a t i o n a l average, d u e m a i n l y t o use o f
i m p r o v e d seed a n d c u l t u r a l p rac t ices . O b v i o u s l y m o s t Indones i an ma ize
p r o d u c t i o n sys tems s t i l l d e p e n d o n r a i n f e d s i tua t ions .
I t is n o t e d t h a t maize is also used as h u m a n f o o d in ru ra l areas especially
w h e r e r ice i s inadequa te . T h e r e f o r e , Indonesia has to d e p e n d on some i m p o r t s t o
m e e t balance o f t h e r is ing d e m a n d o f feed c o n s u m p t i o n . I n t h e last decade annual
maize i m p o r t s w e r e close to 1 m i l l i o n t t o m e e t t h e f eed d e m a n d t h a t r ap id ly
increased f r o m 1 m i l l i o n t in 1984 to m o r e t h a n 1 m i l l i o n t in 2 0 0 2 ( F i g . 3 ) .
P o t e n t i a l f o r m o r e f e e d g r a i n f r o m s o r g h u m
A b o u t 2 0 m i l l i o n h a o f c u l t i v a t e d l and i s used fo r f o o d crops i n Indonesia , o f w h i c h
5 m i l l i o n ha (25%) is i r r iga t ed and 15 m i l l i o n ha (75%) is r a in fed ( T a b l e 1 ) .
A c o n s e r v a t i v e e s t i m a t e o f 1 0 % (1 .5 m i l l i o n ha) o f t h e 1 5 m i l l i o n h a n o n -
i r r i g a t e d l a n d b e i n g m a r g i n a l f o r m a i z e i s q u i t e p l a u s i b l e . I f s o r g h u m c o u l d b e
g r o w n successful ly o n these r i s k y areas, t h e r e w o u l d b e a t least 2 - 3 m i l l i o n t o f
a d d i t i o n a l f e e d g ra in f o r I n d o n e s i a . T h i s a m o u n t c o u l d b e used t o s u b s t i t u t e
t h e c u r r e n t i m p o r t e d m a i z e also.
Table 1 . Cu l t iva ted land ( '000) for f o o d c r o p s in Indones ia dur ing 1999 .
Island
Java
Sumatra
Bali dan Nusa
Tenggara
Kalimantan
Sulawesi
Indonesia
Technical
1551
296
130
25
238
2240
Irrigated
Semi-
technical
392
282
240
30
122
1067
Wetland
Non-
technical
662
499
132
185
247
1726
Non-irrigated
Rainfed
763
585
93
348
275
2064
Valley
3
274
1
334
3
614
Dryland
Garden /D ry Shifting
field cultivation
2862
3351
828
933
1162
9137
231
1646
370
808
577
3631
Source. Central Bureau of Statistics (2002).
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B u t h o w can such s o r g h u m var ie t ies o r h y b r i d s b e d e v e l o p e d , w h i c h
c o u l d g ive c o m p e t i t i v e y i e ld s a n d i n c o m e s t o f a rmers a n d f i t i n a susta inable
p r o d u c t i o n s y s t e m as w e l l ? T h e chances o f ach iev ing these goals are q u i t e h i g h
as g iven b e l o w :
• O u r e x i s t i n g c u l t i v a t e d lands have been c o n t i n u o u s l y t h r e a t e n e d by
e n v i r o n m e n t a l stresses, espec ia l ly w a t e r shortages. We are l o o k i n g fo r m o r e
d r o u g h t t o l e r a n t c rops t o m a k e these lands m o r e p r o d u c t i v e .
• C o m m e r c i a l l y , s o r g h u m i s r a t h e r n e w in Indones ia a n d s t i l l n o t y e t w e l l
k n o w n i n f eed i n d u s t r y .
• S o r g h u m , k n o w n as a h i g h l y d r o u g h t t o l e r a n t c r o p a m o n g cereals u n d e r
c u l t i v a t i o n , has m u c h m o r e u n e x p l o i t e d gene t ic d i v e r s i t y f o r i m p r o v e m e n t
o f va r ious t r a i t s r e l a t e d t o i t s a d a p t a b i l i t y t o d r o u g h t e n v i r o n m e n t s and
o t h e r b i o t i c hazards.
• A b o u t 7 5 % o f c u l t i v a t e d lands f o r f o o d c rops i n Indones i a ( 15 m i l l i o n ha)
are n o n - i r r i g a t e d . T h e r e w i l l b e a b i g o p p o r t u n i t y f o r s o r g h u m research a n d
d e v e l o p m e n t t o m a k e use o f t h i s c r o p t o b e t t e r f i t i n these c r o p lands .
T h u s , t h e r e i s p l e n t y o f r o o m f o r s o r g h u m i m p r o v e m e n t a n d i t s
u t i l i z a t i o n a s a l t e r n a t i v e f e e d g ra in in Southeas t A s i a , especia l ly T h a i l a n d a n d
Indones i a . T h e f u t u r e cha l lenge i s i t s gene t i c i m p r o v e m e n t ( f o r var ie t i es a n d
h y b r i d s ) t o c o m m e r c i a l l y f i t i n t h e e x i s t i n g areas d e f i n e d a s less-favorable
e n v i r o n m e n t s ( f o r ma ize ) a n d t r a d i t i o n a l c r o p p i n g sys tems o f t h i s w e t t r o p i c a l
r e g i o n .
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Potential for Sorghum Deve lopment
in Indonesia
M Dahlan and S Singgih1
Abstract
Sorghum area in Indonesia has been constantly decreasing since 1989 because the 
price of sorghum is lower than that of maize, no government program focuses on 
intensive cultivation of the crop and the grain is susceptible to storage insects. 
However, sorghum is a potential crop in drylands where maize frequently suffers 
from drought. Sorghum grain may be a substitute for maize in feed. Indonesia 
imports more than 1 million t of maize each year. There are large areas where the 
rainfall is less than 100 mm per month over a period of nine months. These areas are 
suitable for cultivation of sorghum. Sorghum grain can be used as food and the 
stover as feed. Sweet sorghum can be used as grain and also for production of sugar. 
S o r g h u m [Sorghum bicolor) i s a m i n o r c r o p in I n d o n e s i a . I t i s c u l t i v a t e d in t h e
p r o v i n c e s o f C e n t r a l Java, Yogyakar t a , East Java, S o u t h Su l awes i , W e s t a n d
East N u s a Tenggara. T h e h a r v e s t e d area o f s o r g h u m was a b o u t 6 3 , 4 0 0 h a w i t h
a p r o d u c t i o n o f 4 2 , 2 2 0 t i n 1 9 8 2 ; t h e area dec reased c o n t i n u o u s l y u n t i l 1 9 8 7
a n d inc reased s l i g h t l y i n 1 9 8 8 a n d 1 9 8 9 ( T a b l e 1 ) . A s i m i l a r t r e n d was also
n o t i c e d i n East Java (Table 2 ) , w h e r e i n t h e s o r g h u m area r e d u c e d f r o m 5 5 3 8
h a i n 1 9 8 9 t o 1 8 4 3 h a i n 2 0 0 0 . S ince s o r g h u m i s n o r m a l l y g r o w n b y f a r m e r s i n
d r o u g h t - p r o n e m a r g i n a l lands w i t h o u t f e r t i l i z e r , t h e g r a in y i e l d s are l o w . I n
d r y l a n d s , s o r g h u m i s i n t e r c r o p p e d w i t h u p l a n d r i c e o r o t h e r c rops . S o r g h u m
is g r o w n a f te r r i c e (Oryza sativa) or m a i z e (Zea mays) in l o w l a n d s ( r i c e - r i c e -
s o r g h u m , r i c e - m a i z e - s o r g h u m a n d r i c e - s o r g h u m ) ( R u s m a r k a m a n d S u b a n d i
1 9 9 6 ) . I n W e s t T i m o r , s o m e f a r m e r s s o w s o r g h u m w i t h m a i z e a n d f o x t a i l
m i l l e t (Setaria italica). A c c o r d i n g t o t h e A g r i c u l t u r a l E x t e n s i o n , W o n o s a r i
a n d D e m a k , C e n t r a l Java, r e d u c t i o n i n s o r g h u m area i s a t t r i b u t e d t o t h e
f o l l o w i n g reasons:
• T h e g o v e r n m e n t p r o g r a m i s m o r e c o n c e n t r a t e d i n inc reas ing r i c e a n d m a i z e
p r o d u c t i o n .
• T h e decrease i n p r i c e o f s o r g h u m as c o m p a r e d to m a i z e a f te r 1980s i s h i g h .
• Fa rmer s have d i f f i c u l t i e s in s o r g h u m process ing .
• S o r g h u m g r a i n i s su scep t ib l e to s torage insec ts .
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Table 1 . A rea , p roduct ion and yield of s o r g h u m in Indonesia .
Year
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
Area (ha)
38,900
60,500
63,400
37,400
23,900
32,000
19,500
12,150
22,008
25,700
Production (t)
42,900
53,600
42,220
36,130
28,810
33,160
26,100
18,900
34,900
37,900
Yield (t ha-1)
1.10
0.88
0.66
0.97
1.20
1.04
1.34
1.56
1.58
1.47
Source: BPS (1984,1989).
Table 2 . A r e a , p roduct ion a n d y ie ld o f s o r g h u m in East Java .
Year
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
Area (ha)
4,849
5,538
5,052
4,399
6,405
3,683
3,368
3,859
3,609
2,819
2,239
1,751
1,843
Production (t)
10,202
11,949
10,684
9,473
16,117
8,428
7,896
8,875
8,478
6,979
5,382
4,257
4,505
Yield (t ha-1)
2.10
2.16
2.11
2.15
2.52
2.29
2.34
2.30
2.35
2.48
2.40
2.43
2.44
Source: Agricultural Extension, East Java, 2001.
• T h e a v a i l a b i l i t y o f a n a l t e r n a t i v e a n d m o r e p r o f i t a b l e c r o p i s c o m m o n [eg ,
m u n g bean (Vigna radiata) - t h e p r i c e of seed i s h i g h a n d t h e c r o p m a t u r e s
w i t h i n 2 m o n t h s ] .
• Fa rmer s ' p e r c e p t i o n t h a t r i c e a n d ma ize p l a n t e d af ter s o r g h u m n e e d m o r e
f e r t i l i z e r s a n d t h e so i l b e c o m e s c o m p a c t .
S ince m u n g bean i s m o r e p r o f i t a b l e t h a n s o r g h u m a n d ma ize i n D e m a k ,
f a r m e r s have r e c e n t l y changed t h e c r o p p i n g p a t t e r n f r o m r i c e - r i c e - s o r g h u m t o
287
r i c e - r i c e - m u n g b e a n . C o n s e q u e n t l y , s o r g h u m c u l t i v a t i o n i s neg l i g i b l e i n t h i s
area c o n t r a r y t o t h e area o f m o r e t h a n 1 0 , 0 0 0 h a p l a n t e d i n 1 9 8 2 .
E x p o r t o f s o r g h u m f r o m I n d o n e s i a was l o w e r t h a n i m p o r t (Tab le 3 ) .
I n d o n e s i a i m p o r t s s o r g h u m m a i n l y f r o m A u s t r a l i a f o r f o o d i n d u s t r y .
P o t e n t i a l o f s o r g h u m f o r a n i m a l f e e d a n d f o d d e r
I ndones ia i m p o r t s m o r e t h a n 1 m i l l i o n t o f ma i ze each year m a i n l y f o r f e e d
(Table 4 ) . T h e d e m a n d f o r ma i ze f e e d has cons i s t en t l y inc reased . D u r i n g t h e d r y
season, t h e r e i s shor tage o f a n i m a l f o d d e r . H e n c e t h e p r i c e o f ma i ze s tover i s
expens i ve . C o n s e q u e n t l y , f a n n e r s i n s o m e areas sel l t h e i r ca t t l e a t l o w p r i c e d u e
t o severe shor tage o f f o d d e r . S o m e f a r m e r s g r o w s o r g h u m f o r forage m i x e d w i t h
ma i ze a n d r i ce . D u e t o large n u m b e r o f an ima ls i n I ndones ia (Table 5 ) , f e e d a n d
forage r e q u i r e m e n t i s h i g h .
S o r g h u m can b e g r o w n f o r f e e d t o r e d u c e ma ize i m p o r t a n d d e v e l o p
a n i m a l husbandry . S o r g h u m a n d m i l l e t r e q u i r e less w a t e r t h a n ma ize f o r t h e i r
g r o w t h a n d d e v e l o p m e n t . T h e s o r g h u m va r i e t y Bad i k p r o d u c e d 1.8 t h a - 1 n d e r
d r o u g h t stress (S ingg ih and M a r z u k i 1 9 9 6 ) . I s m a i l a n d I spand i ( 1 9 9 6 ) r e p o r t e d
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Table 3 . Expor t , i m p o r t a n d v a l u e o f s o r g h u m in Indones ia .
Year
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
Export
Quantity (t)
-
-
455
-
-
316
318
-
540
-
-
7
-
-
-
Value (US$ '000)
-
-
48
-
-
43
25
-
79
-
-
14
-
-
-
Import
Quantity (t)
27,136
3,901
-
22,500
-
-
430
29,684
6
28,963
-
10
-
52
70
Value (US$ '000)
3,059
520
-
1,430
-
-
64
3,199
32
5,797
-
71
-
72
76
Source: FAO (2003).
Table 4. Production, import and value of maize in Indonesia.
Year
1997
1998
1999
2000
2001
Production (t)
8,770,851
10,169,488
9,204,036
9,677,000
9,165,317
Import (t)
1,098,354
313,463
618,060
1,264,575
1,035,797
Import value (US$ '000)
171,675
47,838
80,320
157,949
125,512
Source: FAO (2003).
grain yield of 1.1 t ha"1 in local variety and 1.3 t ha"1 in U P C A SI (improved
variety) in Lamongan, and 2.81 ha"1 in local variety and 3.91 ha"1 in U P C A SI in
Bojonegoro, East Java when sorghum was grown without irrigation and fertilizer
application after rice utilizing the residual soil moisture.
In Indonesia the percentage of agricultural land belonging to Oldeman D 3 -
E3 agroclimatic zone is large (Table 6). In these areas, crops that follow rice are
maize or legumes, but the grain yield of both maize and/or legumes are very low
because of terminal drought. Under this condition, sorghum has the potential to
yield higher than maize. In low rainfall areas like Sulawesi, Maluku, West and
East Nusa Tenggara, sorghum is mixed w i t h other crops and in this island animal
husbandry is being practiced. Sorghum is suitable for these areas either as food
or feed and stover for silage. Some areas of Java, which are classified under D3
and E3 climatic zones, are suitable for sorghum cultivation (Oldeman 1975).
However, the price of sorghum grain wi l l determine its competitiveness w i t h
maize. In some areas farmers utilize groundwater to cultivate maize and this
increases the production cost. It may be profitable to cultivate sorghum as the
price of sorghum grain is similar to that of maize.
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Table 5. Number of cattle and other animals in Indonesia during 1997-2001.
Animal
Cattle (head)
Buffaloes (head)
Sheep (head)
Goats (head)
Pigs (head)
Chickens (1000)
Ducks (1000)
Horses (head)
1997
11,938,856
3,064,532
7,697,690
14,162,547
8,232,839
972,832
30,320
582,284
1998
11,633,876
2,829,291
7,144,003
13,560,449
7,797,558
645,518
25,950
566,485
1999
11,275,703
2,503,788
7,225,690
12,701,373
7,041,820
622,531
27,552
484,285
2000
11,641,876
2,405,277
7,426,992
12,585,260
5,356,834
859,497
28,076
517,333
2001
11,191,376
2,287,212
7,294,000
12,456,202
5,896,834
853,832
29,905
430,000
Source: FAO (2003).
Table 6. The percentage of agricultural areas in different climate zones of Indonesia
having potential for sorghum and pearl millet cultivation.
Climate Wet
zone months1
C3 5-6
D1 3-4
D2 3-4
D3 3-4
D4 3-4 
E1 <3
E2 <3
E3 <3
E4 <3
Dry
months2
5-6
<2
2-4
5-6
>6
<2
2-4
5-6
>6
Percentage of agricultural area (%)
Java
14
0
5
20
0
0
0
9
0
Sumatra
0
10
2
0
0
-
2
0
0
Kalimantan
0
3
1
0
0
5
1
0
0
Sulawesi
4
10
8
4
0
12
11
4
0
Maluku
10
2
5
5
0
5
5
5-10
0
Bali3
(NTT and NTB)
3
0
0
40
30
0
0
5
0
Papua
2
3
14
0
4
0
0
0
0
1. Rainfall >200 mm.
2. Rainfall < 100 mm.
3. NTT = East Nusa Tenggara; NTB = West Nusa Tenggara.
Source. Oldeman (1975), Oldeman and Syarifuddin (1977), Oldeman et al. (1979,1980).
Sweet sorghum
Sweet sorghum is comparable to sugarcane (Saccharum officinarum) for sugar
content. Research has been conducted on identif ication of sorghum lines w i t h
high sugar content. In demonstration plots, the variety Rio produced 1.8 t 
grain ha -1, 21.6 t stalk ha-1 and 2.2 t sugar (total sugar as invert) ha-1 in East
Nusa Tenggara and 1.5 t grain ha -1, 20 .01 stalk ha"1 and 2.5 t sugar ha-1 in West
Nusa Tenggara (Directorate General Estate Crops 1996). Three varieties of
sorghum had high brix content when harvested at 100 days after planting as
shown in Table 7 (Sastrowijono 1996). Sweet sorghum juice is also used as a 
raw material for monosodium glutamate industry.
Table 7. Stalk yield, juice, brix and juice value of three varieties of sorghum harvested
100 days after planting.
Variety Stalk yield (t ha-1)
Rio 24.59
Roma 20.73
Ramada 20.02
Juice factor (%)
48
41
43
Brix (%) Juice value (%) TSAI1 (%)
16.72 11.02 12.46
15.92 12.18 10.49
15.27 11.14 9.74
1. TSAI = Total sugar as invert.
Source. Sastrowijono (1996).
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Forage Potential of Sorghum and Pearl Mi l le t
G Harinarayana1, NP Melkania2, BVS Reddy3,
SK Gupta4 , KN Rai3 and P Sateesh Kumar5
Abstract
Sorghum and Pennisetum are two of the gifted genera of the tropical regions that provide 
food, feed, stover (dry straw) and fuel to millions of poor farmer families and their 
livestocks. Single-cut sorghum and multi-cut pearl millet varieties are also cultivated for 
green fodder (forage). In addition, the interspecific sorghum x sudangrass annual 
multi-cut hybrids are grown for green fodder. The interspecific pearl millet x napiergrass 
hybrids are perennial and yield green fodder throughout the year. 
Pearl millet uses less water per unit of forage production, tolerates both lower 
and higher soil pH and higher aluminium concentration, and is rich in minerals as 
compared to sorghum. However, sorghum has a wider range of adaptability and is 
more widely grown. Geographical preferences, limited market demand, variable 
prices, and lack of private industry and institutional research support have led to 
limited pearl millet forage research and cultivar adoption. 
Forage quality is paramount to palatability or acceptability and animal 
intake. Plant morphology, anatomical components, digestibility, protein, 
mineral, cellulose and lignin contents, and anti-nutritional factors like 
hydrocyanic acid in sorghum and oxalic acid in pearl millet determine animal 
performance - milk and meat production. 
Development of multi-cut annual forage sorghum and pearl millet hybrids 
rather than varieties could have a catalytic effect on forage yield and quality. 
Diversification of sorghum seed parents (white-grained rather than the currently 
used red-grained male steriles) and development of sudangrass pollinators with 
high sugar content and foliar disease resistance offer good opportunities for the 
exploitation of full potential of the interspecific hybrids. Crop scientists, chemical 
technologists, and animal health and nutrition experts have a role to play in good 
quality forage research and cultivar development. Inter-institutional partnerships 
could forge strong interlinks for strengthening sorghum and pearl millet forage 
research and development. 
292
1.
2.
3.
4.
5.
Ganga Kaveri Seeds Pvt Limited, 1406, Babukhan Estate, Bashirbagh, Hyderabad 500 001,
Andhra Pradesh, India.
AICRP on Forages, Indian Grassland and Fodder Resarch Institute (IGFRI), Gwalior Road,
Jhansi 284 003, Madhya Pradesh, India.
ICRISAT, Patancheru 502 324, Andhra Pradesh, India.
Proagro Seed Company Pvt Limited, 8-1-39, Tolichowki, Hyderabad 500 008, Andhra
Pradesh, India.
Prabhat Agri Biotech (P) Limited, Panjagutta, Hyderabad 500 082, Andhra Pradesh, India.
Sorghum and Pennisetum are two of the gifted grass genera of the tropics. Each
genus includes an important species used for food, feed, forage, fuel and as
building material in many parts of the wor ld , whi le the remaining, lesser
known species in these genera are important forage producers. Sorghum
(Sorghum bicolor) and pearl mi l let [Pennisetum glaucum) are usually grown for
grain in areas where environmental conditions, especially rainfall, temperature
and soil fert i l i ty are too harsh to grow maize (Zea mays) (Hanna and Cardona
2001). The dry fodder or stover is also used to feed animals.
Forage sorghums, by defini t ion, include annual cultivars of sorghum and
sorghum-sudangrass (S. bicolor x S. sudanense) hybrids. Sorghum sudanense is
also grown for annual forage.
Forage Pennisetum, by convention, includes the annual pearl millet and the
perennial napier-bajra (P glaucum X P. purpureum) hybrids. As an indispensable
grain crop of the arid and semi-arid tropics, pearl millet provides both grain and
stover. Dinanath grass (P. pedicellatum) is also cultivated for forage.
Adaptat ion
Both sorghum and pearl mil let make efficient use of soil moisture by remaining
semi-dormant during stress and responding rapidly to available moisture (Hanna
and Cardona 2001). Drought tolerance capacity measured in terms of water-use
efficiency of forage pearl mil let (280 kg water kg-1 dry matter) is better than
forage sorghum (310 kg water kg-1 dry matter) (Chapman and Carter 1976, de
Lima 1998). Pearl mil let produces more green and dry fodder yield than
sorghum (Table 1) under l imi ted moisture regimes (Singh et al. 1989).
Table 1. Response of different forage crops to irrigation regimes1.
Green fodder yield (t ha-1)
Crop 0.252
Sorghum 25.7
Pearl millet 33.4
Maize 38.6
Teosinte 37.1
Cowpea 19.4
Cluster bean 17.9
0.50
28.5
32.7
41.7
40.0
23.3
20.5
0.75
28.5
34.7
42.5
39.2
22.6
17.7
Dry fodder yield (t ha-1)
0.25
8.1
9.5
8.4
7.5
4.1
6.3
0.50 0.75
9.1 10.1
10.8 11.4
9.2 10.6
8.0 9.0
4.9 4.7
6.6 6.4
1. Mean response during summer, 1982 and 1983.
2. IW/CPE (irrigation water/cumulative pan evaporation) ratio.
Source: Singh et al. (1989).
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Both sorghum and pearl mi l le t make efficient use of soil fer t i l i ty by
producing higher biomass, and thus take advantage of the growing conditions.
Pearl mi l le t roots tolerate lower soil p H and higher A l + 3 concentration than
those of sorghum (Ahlrichs et al. 1991). However, pearl mil le t does not
tolerate waterlogged soils. Sorghum has a wider range of adaptability than
pearl mi l le t (Hanna and Cardona 2001). Forage sorghum is recommended for
both calcareous and saline soils, while forage pearl mi l le t grows wel l in
calcareous soils ( ICAR 1989).
Fodder production
Traditional areas for stover production
Sorghum is the t h i rd most important grain crop in India, next only to rice
(Oryza sativa) and wheat (Triticum aestivum). Maharashtra, Karnataka,
Madhya Pradesh, Andhra Pradesh and Rajasthan are the principal sorghum-
growing states of India (Table 2). They account for 88.5% of total sorghum
area (10.75 mi l l ion ha), producing an estimated 88.7% of stover (22.52
mi l l ion t ) .
Pearl mi l le t is the fourth most important grain crop in India. It is used as
a dual-purpose annual crop mainly in the drier areas of the arid and semi-arid
tropics. Rajasthan, Maharashtra, Gujarat, Ut ta r Pradesh and Haryana are the
principal pearl mil let-growing states in the rainy season (Table 2). They
account for 90.7% of total pearl mil le t area in the country (9.43 mi l l ion t ha),
producing on an average an estimated 90% of 14.76 mil l ion t of stover.
Non-traditional areas for forage production
Statistics on sorghum forage area or forage production are not available. But
private seed industry produced 36,600 t of sorghum-sudangrass hybr id seed
during 2002-03 for supply in packages of 1, 3 and 5 kg. Estimated at
20 kg ha"1, 36,600 t should cover an area of 1.8 mi l l ion ha which should yield
about 90 mi l l ion t of green fodder or forage. Almost all grain sorghum
cultivating states grow forage sorghum varieties, and/or sorghum-sudangrass
hybrids during rainy season as wel l as hot dry (summer) season. Forage
sorghums are principally cultivated in Punjab, Haryana, Delh i , western and
central Ut ta r Pradesh and adjoining areas of Madhya Pradesh. Other forage
sorghums include sudangrass for which area estimates are not available.
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Pearl mil let is cultivated for forage, but no estimates of either the forage
pearl mi l let area or production are available. Whi le forage hybrids are not
produced, no statistics of seed production of forage varieties are available.
Considerable scope, therefore, exists for the development of high-yielding
and high quality forage hybrids and varieties of pearl mi l let . Only a few states
grow forage pearl mi l let in summer season: Gujarat, Ut tar Pradesh,
Uttaranchal, Madhya Pradesh, Haryana and Rajasthan.
Interspecific hybrids of napier-bajra, a perennial forage crop, are planted
throughout the country for which no statistics are available. Other forages like P 
purpureum and P pedicellatum are also grown, but area statistics are not
available.
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Table 2. Area and production of sorghum and pearl millet grain and stover in India,
1995-2000.
State
Sorghum
Maharashtra
Karnataka
Madhya Pradesh
Andhra Pradesh
Rajasthan
Tamil Nadu
Uttar Pradesh
Gujarat
India
Pearl millet
Rajasthan
Maharashtra
Gujarat
Uttar Pradesh
Haryana
Karnataka
Tamil Nadu
Madhya Pradesh
Andhra Pradesh
Other states
India
Area
(million ha)
5.33
1.95
0.85
0.81
0.57
0.40
0.39
0.28
10.75
4.35
1.75
1.05
0.83
0.57
0.38
0.21
0.14
0.12
0.03
9.43
Grain
(million t)
4.82
1.67
0.73
0.57
0.21
0.38
0.34
0.25
9.01
1.78
1.29
1.21
1.07
0.57
0.24
0.27
0.13
0.10
0.03
6.71
Stover1
(million t)
12.05
4.17
1.82
1.42
0.52
0.95
0.85
0.62
22.52
3.92
2.84
2.67
2.35
1.25
0.53
0.59
0.29
0.22
0.07
14.76
1. Estimated from harvest index.
Source: NRCS (2001), Bhatnagar (2003).
Silage production
Although sorghum (Kalton 1988) and pearl mi l le t (de Andrade and de
Andrade 1982) are excellent for producing silage, particularly in regions w i t h
dry spells during the rainy season, pearl mi l let can produce higher silage yields
w i t h higher protein than sorghum (Table 3).
Forage quality
Some of the constituents that affect palatability or acceptability and animal
performance include protein and lignin content, l ignin type and chemistry,
mineral content, plant morphology, anti-nutr i t ional components such as
hydrocyanic acid ( H C N ) , anatomical components and forage digestibil ity
(Hanna 1993). Preliminary studies indicate that pearl mi l let forage is more
succulent and has higher crude protein (CP) than sorghum or maize w i t h
other chemical constituents being comparable (Table 4). The CP in pearl
mi l le t stover is less than in sorghum but more than in wheat and rice straw
(Table 5). The dry matter and cell wall digestibil ity of pearl mi l le t stover is also
less than that of sorghum. Pearl mi l let does not contain H C N but contains
oxalic acid, an anti-nutr i t ional component that can have adverse effect on mi lk
product ion and mi lk fat in cows (Hanna and Gupta 1999).
Lignin concentrations in brown-midr ib (bmr) mutants are consistently
lower than their normal counterparts in both sorghum (by 21.8%) and pearl
mi l let (by 20%) (Cherney et al. 1988). The in vi t ro digestibil ity of bmr 
sorghum (642 g kg-1 dry matter) and pearl mi l le t (726 g kg-1 dry matter) are
higher than the normal genotypes of sorghum (568 g kg-1 dry matter) and pearl
mi l le t (659 g kg"1 dry mat ter) . Most digestible and partially digestible tissues
in both sorghum leaves and pearl mi l le t stems are degraded by fiber-digesting
Table 3. Silage production and quality of sorghum, pearl millet and maize.
Crop
Sorghum
Pearl millet
Maize
Silage yield
(t ha-1)
19.2
31.0
27.0
Dry matter
yield (t ha-1)
5.76
8.68
8.10
Dry matter
(%)
30
28
30
Silage quality
Crude protein IVDMD1
(%) (%)
7.0 58.0
12.0 53.4
7.8 60.0
1. IVDMD = In vitro dry matter digestibility.
Source: Kichel et al. (1999).
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bacteria to a greater extent in bmr mutants than in normal genotypes.
Geneticists are now attempting to incorporate the bmr trait into a range of
backgrounds in sorghum and pearl mil le t (Cherney et al. 1991).
Genetic variability
Success in crop improvement depends largely on the extent of desirable
genetic variability available for selection. Therefore, collection, evaluation,
documentation, utilization and conservation of genetic resources assume
considerable significance.
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Table 5. Chemical composition and in vitro nutrient digestibility (% of dry matter) of
pearl millet and sorghum stover compared to other cereals.
Constituent
Crude protein
Neutral detergent fiber
Acid detergent fiber
- Lignin
- Cellulose
- Silica
Hemicellulose
Cell content
In vitro dry matter digestibility
In vitro cell wall digestibility
Pearl millet
3.2
79.5
55.6
12.8
39.4
3.4
23.9
20.5
48.9
35.7
Sorghum
4.3
79.5
54.2
9.0
41.0
4.2
25.5
20.3
53.3
41.2
Rice
2.1
74.7
53.6
8.2
37.0
8.4
21.1
25.3
51.4
31.2
Wheat
2.6
76.2
51.8
9.7
36.3
5.8
24.4
23.8
51.9
36.9
Source: Singh et al. (1977).
Table 4. Chemical composition (% of dry matter) of pearl millet, sorghum and maize
forages.
Constituent
Crude protein
Dry matter
Neutral detergent fiber
Acid detergent fiber
- Lignin
- Cellulose
- Silica
Hemicellulose
Cell content
Pearl millet
8.2
19.5
67.9
38.3
7.8
27.7
2.8
29.6
32.1
Sorghum
5.9
31.6
70.7
44.4
7.6
34.6
2.2
26.3
29.3
Maize
6.7
28.8
66.4
38.5
6.8
28.6
3.1
27.9
33.6
Source: Singh etal. (1977).
Sorghum
The National Bureau of Plant Genetic Resources (NBPGR) and the
International Crops Research Inst i tute for the Semi-Arid Tropics ( ICRISAT),
Patancheru, India evaluated 1500 accessions f rom global collection for forage
yield and its components under dif ferent agroclimatic conditions in India. The
results indicated a wide range of variabil ity for forage yield and its component
traits (Table 6) besides a few quality traits l ike stalk juiciness and midr ib color,
suggesting ample scope for genetic enhancement of forage potential of
sorghum.
Sorghum improvement at ICRISAT has developed a diversified set of
hybr id parents, and grain and dual-purpose varieties. A population
improvement program has developed sorghum lines w i t h brown-midr ib
(bmr), high stem sugar, and grain yield that t i l ler under stress conditions, such
as drought and stem borer infestation (Reddy et al. 1994). Mass selection for
bmr gene, t i l ler ing, and high grain and biomass yield has produced pure lines
which have four to five t i l lers. These lines were evaluated along w i t h male-
sterile lines, restorers and varieties at Patancheru (Table 7). Results indicate
that high-t i l lering varieties combined high forage yield w i t h high stem sugar
and good ratoonabil i ty
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Table 6. Estimates of some quantitative traits of 1500 selected world collections of
sorghum during rainy season 1986 in three locations in India.
Character
Plant height (cm)
Stem thickness (cm)
Number of leaves (on main stem)
Length of 5th leaf (cm)
Width of 5th leaf (cm)
Basal tillering
Culm branching
No. of nodes on main stem
Days to 50% flowering
Total leaf area (cm2) on main stem
Forage yield (kg m-2)
Range1
38.0-373
1.2-11.60
4.0-25.90
14.0-118.50
1.4-11.00
-
-
3.00-19.30
41.0-191.00
-
0.40-9.88
Delhi
144.8 + 1.14
4.84 ± 0.038
11.23 ± 0.072
51.10 + 0.301
5.41 ± 0.04
-
-
9.30 ± 0.069
91.40 ± 0.57
-
-
Mean±SE
Jhansi
206.5 ± 1.54
4.34 ± 0.036
13.65 ± 0.086
67.05 ± 0.452
5.79 ± 0.039
1.025 ± 0.007
0.733 ± 0.029
-
102.79 ± 0.87
-
1.79 ± 0.025
Akola
133.0 ± 1.23
-
9.51± 0.067
55.022 ± 0.395
6.12 ± 0.052
-
-
-
100.83 ± 0.50
2517.13 ± 51.82
-
1. Across three locations.
Source: Mathur et al. (1991).
Pearl millet
ICRISAT has assembled more than 21,000 accessions of pearl mi l let
consisting of landraces and breeders' products. Evaluations by NBPGR and
ICRISAT covering large number of accessions f rom many countries revealed
considerable variability for various fodder components such as plant height
(49 - 443.3 cm), number of tillers plant -1 (1-9.3) , stem thickness (6-31.2
m m ) , number of leaves (4.3-37), leaf length (19.3-130 cm) and leaf w id th
(1.1-8.6 cm) (Table 8). Gupta (1969) observed considerable variability for
desirable fodder quality components such as protein, phosphorus (P), calcium
(Ca) and anti-nutrit ional factors like oxalic acid in a sample of wor ld
collections of pearl mil let.
Cultivar options
Forage hybrids and varieties of sorghum (Table 9) and pearl mi l let (Table 10)
are popular w i th the farmers. Unt i l 2000, 53 varieties and hybrids of forage
sorghum comprising 40 single-cut and 13 mul t i -cut types were released in
India (Table 11). They include 37 single-cut and 6 mul t i -cut forage sorghum
varieties, 3 single-cut forage sorghum hybrids, 5 sorghum-sudangrass hybrids,
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Table 7. Performance of the selected sorghum breeding lines for grain yield, fodder
yield and quality attributes at ICRISAT, Patancheru, India during rainy season 2002.
Breeding
material
Hybrid seed
parents
Varietal/restorer
lines
Dual-purpose
varieties
High-tillering
varieties
Stem sugar1
(%)
14-18
13-20
14-20
13-21
Fresh fodder
yield (t ha-1)
17-35
26-46
28-40
23-52
Grain
yield
(t ha-1)
0.8-3.3
0.6-4.5
0.1-2.8
0.3-1.9
Ratooning
ability
(%)
36-81
15-77
19-79
34-95
Best lines for stem sugar
ICSB 472 (17.9%), ICSB 401
(16.3%), ICSB 405 (16.1%),
ICSB 731 (15.9%)
GD 65003 (20%), Entry #64
DTN (19.7%), GD 65080
(19%), ICSV 96143 (18.1%)
S 35 (19.6%), GD 65179
(18.5%), FM 345 (17.5%),
GD 65122 (17.3%)
FM 48 (20.7%), GD 65174-1
(18.3%), GD 65239 (18.1%),
FM 665 (18%)
1. As % on fresh stalk basis = 0.1516 x 0.8746 brix degrees.
1 mul t i -cut sudangrass variety and 1 mul t i -cut sudangrass hybrid. Compared
to forage sorghum, only 10 pearl mi l le t cultivars including 1 mul t i -cut variety
and 3 hybrids have been recommended for forage cultivation. Eleven napier-
bajra hybrids are available for perennial forage cultivation. Whi le there is a 
great demand for sorghum-sudangrass forage hybrids, the non-availability and
need for mul t i -cu t sorghum hybrids has been long recognized. Efforts are also
required to develop mul t i -cut forage pearl mi l le t cultivars (both varieties and
hybrids). During rainy season, a successful harvest fills granaries, and provides
stover, whi le failed harvests assure forage at least.
Varieties
Both sorghum and pearl mi l le t are grown during rainy season (June to
September), whi le only sorghum is cultivated during postrainy season
(October to March) . A choice of landraces and improved cultivars are
available for rainy season, but only a single variety of sorghum (Maldandi)
dominates during postrainy season. Forage sorghum and pearl mi l le t are grown
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Table 8. Variability for forage components in a sample of world collection of pearl millet,
at NBPGR, Issapur, New Delhi, India.
Trait
Days to 50% flowering
Plant height (cm)
Number of tillers plant1
Number of productive tillers
Stem thickness (mm)
Number of nodes
Internode length (cm)
Number of leaves
Leaf length (cm)
Leaf width (cm)
Ear exsertion (cm)
Spike length (cm)
Spike thickness (mm)
1000-seed mass (g)
19871
Range
34.0-119.0
49.0-367.0
1.0-9.3
1.0-6.0
6.0-30.8
-
3.5-26.3
5.7-22.3
22.3-130.0
1.7-8.5
0.0-16.3
8.8-85.3
5.7-47.8
2.5-19.3
Mean ± SE
76±0.41
215 ± 0.92
2.3±0.02
1.7±0.01
19.2±0.07
-
15.4±0.07
12.6±0.05
68.9±0.33
3.6±0.02
2.1 ± 0.06
27.5±0.23
20.6±0.10
8.6±0.06
19882
Range
34.0-136
95.6 - 43.3
1.0-9.0
1.0-8.6
9.5-31.2
5.3-37.0
4.0 - 39.0
4.3-37.0
19.3-126.3
1.1-8.6
0.0-43.0
10.0-78.3
10.8-47.7
-
Mean ± SE
75±0.38
273.5±0.98
2.1±0.03
1.6±0.02
15.3±0.01
13.5±0.07
19.5±0.09
13.8±0.07
75.2±0.35
4.3±0.02
3.1±0.11
24.2 ± 0.18
20.2±0.01
-
1. Based on 1938 accessions from world collections.
2. Based on 2458 accessions from world collections.
Source: Mathur et al. (1993a, 1993b).
during summer season (March to June). High density cultivation of landraces
offers a single-cut, and staggered plantings ensure continuous supply of fodder
during the off-season. On the other hand, improved varieties are amenable for
mul t i -cut and management practices. Again, many sorghum varieties are
available for forage, but the choice is l imi ted for pearl mi l let - a single variety
of pearl mi l let (Rajko) dominates the mul t i -cut forage scenario.
Intra-specific hybrids
Covering 54.8% of cultivated sorghum and 53.3% of pearl mi l let , high-
yielding grain hybrids and varieties provide grain and stover during rainy
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Table 9. Product and cultivar preferences of sorghum in India1.
State
Maharashtra
Karnataka
Madhya Pradesh
Andhra Pradesh
Rajasthan
Tamil Nadu
Uttar Pradesh
Gujarat
Punjab
Haryana
Season
Rainy
Postrainy
Summer
Rainy
Postrainy
Summer
Rainy
Summer
Rainy
Postrainy
Summer
Rainy
Summer
Rainy
Postrainy
Summer
Rainy
Summer
Rainy
Summer
Rainy
Summer
Rainy
Summer
Product
Grain
P
P
-
P
P
-
P
-
P
P
-
P
-
P
P
-
S
-
P
-
-
-
-
-
Stover
P
P
-
P
P
-
P
-
P
S
-
P
-
P
s
_
p
-
p
-
-
-
-
-
Forage
S
-
P
S
-
P
P
P
-
-
s
p
p
-
-
s
p
p
p
p
p
p
p
p
Cultivar
Grain
H>V
V
H
H>V
V
H
H>V
-
H>V
V
-
H
-
H
V
-
H
-
H
-
-
-
-
-
Forage
V
_
H+V
V
-
H+V
V
H+V
-
-
H+V
V
H
-
-
H
H+V
H+V
V
H
H>V
H>V
H>V
H>V
1. P = Primary importance; S = Secondary importance; H = Hybrid; V = Variety.
season. Dual-purpose hybrids of sorghum (Madhya Pradesh and Ut ta r
Pradesh) and pearl mi l le t (Rajasthan, Ut tar Pradesh and Tamil Nadu) are
preferred in some states of India. Dur ing summer, parts of Gujarat grow dual-
purpose pearl mi l le t hybrids, whi le parts of Maharashtra and Rajasthan go for
grain hybrids.
Mu l t i -cu t forage hybrids of sorghum are grown during summer, but not
pearl mi l le t mul t i -cut hybrids. There are indications of the possibility of
producing topcross forage hybrids that are comparable in forage yield to
sorghum-sudangrass hybrids.
Interspecific hybrids
Unl ike sorghum, sorghum-sudangrass hybrids t i l ler profusely, produce
succulent stems, have high leaf to stem ratio, re-grow quickly, wi thstand
mult i -cuts, and are low in H C N and tannins. Single and three-way
interspecific hybrids have been developed in both public and private sectors.
However, three-way cross hybrids are predominantly cult ivated because
private seed industry produces and supplies the hybr id seed. Red-grained
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Table 10. Product requirement and cultivar types of pearl millet in India1.
State
Rajasthan
Maharashtra
Gujarat
Uttar Pradesh
Haryana
Karnataka
Madhya Pradesh
Tamil Nadu
Andhra Pradesh
Season
Rainy
Summer
Rainy
Summer
Rainy
Summer
Rainy
Summer
Rainy
Summer
Rainy
Rainy
Summer
Rainy
Rainy
Product
Grain
P
P
P
P
P
P
P
-
P
-
P
P
-
P
P
Stover
P
-
S
-
s
s
p
-
p
-
s
p
-
p
p
Forage
-
P
-
-
-
P
-
P
-
P
-
-
P
-
-
Cultivar
Grain
H<V
H
H>V
H
H
H
H>V
-
H>V
-
H
H>V
-
H
H>V
Forage
-
V
-
-
-
V
V
V
V
V
-
V
V
-
-
1. P = Primary importance; S = Secondary importance; H = Hybrid; V = Variety.
Table 11. Released varieties and hybrids of forage sorghum and pearl millet in India,
1973-2000.
Crop/Type
Forage sorghum
Varieties
Hybrids
Sorghum-sudangrass
Hybrids
Sudangrass
Varieties
Hybrids
Pearl millet
Varieties
Hybrids
Napier x bajra hybrid
Hybrid
Single-cut
JS 263, JS 291, JC 6, JC 69,
J Set 3, JJ 4, Pusa Chari 1,
Pusa Chari 6, Pant Chari 3,
Pant Chari 4, Pant Chari 5,
HC 6, HC 136, HC 171, HC 260,
HC 308, SL 44, CSV 13,
CSV 14R, SPV 669,SSV 74, K7,
CO 8, Jumbo, Speed Feed,
UP Chari 1, UP Chari 2,
GFS 3, GFS 4, GJ 37, GJ 40,
RSLG 262, Improved Ramkel,
Parbhani Sweta,
Rajasthan Chari 1,
Rajasthan Chari 2,
Rajasthan Chari 3 
COH 4, PCH 106, CSH 13
-
-
Giant Bajra, PCB 15,
PCB 141, Raj Bajra Chari 2,
AFB 2, CO 8 
FMH 3, GHB 15, GHB 235
Multi-cut
MP Chari, Pusa Chari 9,
Pusa Chari 23, Ruchira,
CO 27, DFJ 1 
-
Proagro 988, MFSH 3,
GFSH 1, Hara Sona, Safed
Moti Hybrid
SSG 59-3
Punjab Sudax Hybrid Chari 1 
DFB-1
-
NB 21, NB 37, CO 1,
CO 2, CO 3, PBN 83,
PBN 233, Pusa Giant,
Yashwant, Annapurna,
Swetika
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three-way sorghum-sudangrass hybrids are cultivated, though there is no
difference between whi te- and red-grained sorghum forage hybrids.
Round-the-year supply of green fodder paved the way for developing
perennial napier-bajra hybrids in India. The napier-bajra hybrids combine
quick re-growth, non-hairiness, narrow long leaves, th in stems, high leaf-stem
ratio, high forage quality, low oxalic acid and high forage yield. Above all,
napier-bajra hybrids can be grown on a wide variety of soil types, and in
mixed, relay and intercropping systems.
Genetic enhancement of forage yield and quality
Forage yield improvement
Breeding becomes simpler when the relevant component characters are
identified, inheritance patterns understood and effective breeding method(s)
are chosen. Khairwal and Singh (1999) reviewed inheritance, heritability,
correlations, and general and specific combining ability effects of several
economic traits in pearl mil let . Tiller number and stem girth were positively
related w i t h plant height, indicating that indirect selection could be effective in
increasing forage yield. Dry fodder yield is positively correlated w i t h grain yield,
indicating that simultaneous selection could be effective. Resistance to rust, a 
foliar disease, is negatively correlated w i t h green and dry fodder yield which
augurs well for improving forage quality. Several forage-related characters like
plant height, t i l ler number, internode number, biomass and growth index are
under additive and non-additive genetic control. Also several forage-related
traits like quick regeneration, tillering, plant height, thin stems and non-hairy
leaves appear to be under Mendelian inheritance. Genetic improvement of
forage yield and quality should, therefore, be possible through conventional
inbred line development, testing for combining ability, identifying fert i l i ty-
sterility reaction, developing male-steriles, and breeding varieties and hybrids.
Forage quality improvement
Quantitative traits 
The primary objectives of forage quality improvement are to increase feed
intake and digestibility, and reduce anti-nutritional attributes (Smith et al.
1997). In vitro dry matter digestibility ( I V D M D ) is under genetic control and is
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correlated w i t h CP, neutral detergent fiber (NDF) , acid detergent fiber (ADF)
and water-soluble carbohydrates (WSC). Recurrent and divergent selections
have been extensively used to improve I V D M D through decreasing cell wall
concentration [measured by NDF, more recently by in vitro fiber digestibility
( I V F D ) ] , reducing lignin concentration (measured by A D F ) , increasing ready
energy (measured by WSC) and/or increasing CP. A great deal of forage quality
research is being done in other crops which could be adapted to design forage
sorghum and pearl millet quality research relevant to the semi-arid tropics.
Divergent selection for I V D M D has been reported to result in 1.0 to
4.7% gains per year in several species including grasses and legumes (Casler
2000), suggesting that rapid genetic progress for I V D M D is possible.
Divergent selection for I V D M D did not result in correlated response for in
vi t ro digestibility of fiber in smooth bromegrass (Bromus sp) (Casler 1987) or
in vi tro digestibility of cell wall polysaccharides in alfalfa (Medicago sativa; 
lucerne) (Jung et al. 1994). Divergent selection for CP increased I V D M D in
t imothy (Phleum pratense; herd grass) (Suprenant et al. 1990). Divergent
selection for Kalson lignin (KL) w i t h high or low EthFA (etherified ferulic
acid) revealed that both reduce I V F D , but are independent of each other
(Casler and Jung 1999).
Recurrent selection for dry matter disappearance in Cynodon dactylon 
through in situ nylon-bag dry matter digestibility ( N B D M D ) revealed an
average genetic gain of 2 g kg-1 yr-1 between 1963 and 1993 ( H i l l et al. 1993).
Recurrent selection for combining low A D F and high CP in alfalfa decreased
A D F and NDF, and increased CP, I V D M D and I V F D (Vaughn et al. 1990).
Selection for WSC in perennial rye grass (Secale cereale) revealed greater
genetic variation for WSC than for I V D M D , and large non-additive
component and positive correlation w i t h I V D M D than for forage yie ld
(Humphreys 1989a, 1989b).
Selection for increased CP led to correlated response for increased
digestibility (Suprenant et al. 1990). Genetic progress for increased CP has
been documented in several species (Casler 2000). Traditional breeding
methods may be useful in improving protein quality; improving degradable
proteins is easier and less expensive than non-degradable proteins.
Qualitative traits 
While several forage yield and quality traits are under polygenic control and
quantitatively inherited, few genes w i t h large and direct effects (oligogenes)
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could be effectively used to improve forage quality, albeit indirectly. Such
material could be exploited through pure line, pedigree and backcross
breeding or through population improvement.
Dwarfing genes. Dwarfing genes have been isolated in sorghum and pearl
mi l le t . Dwarfing genes are recessive. They shorten the internode length and
increase the leaf:stem ratio. Burton and Fortson (1966) isolated d1 and d2
dwarfs, while Appa Rao et al. (1986) identified d3 and d4 dwarfs in pearl
mil le t . Burton (1983) incorporated d2 dwarfing gene into forage seed and
pollen parents leading to the development of dwarf forage hybrids. This
resulted in 1 1 % increase in leafiness and 1 7 - 2 1 % increase in I V D M D , but
30% decrease in forage yield (Burton et al. 1969). Whi le forage pearl millets
are used for grazing, and hay and silage production in U S A and elsewhere,
they are chaffed and fed to animals in India. Reducing plant stature would ,
therefore, adversely affect forage yields and commercialization of forage pearl
millets in India. Therefore, attempts should be directed at developing semi-
dwarf and normal height forage varieties and hybrids w i t h better forage
digestibility for wider acceptability.
Trichomeless gene. Genes that affect leaf surface and epidermal features may
also affect forage quality. Trichomeless gene in pearl mi l le t increases
palatability, but reduces digestibility of intact leaves (Burton et al. 1977).
Bloomless gene in sorghum, on the other hand, increases digestibility of intact
leaves (Cummins and Dobson 1972). Trichomeless is controlled by a recessive
gene. But bloomless is controlled by t w o non-allelic recessive genes and
sparse-bloom by three non-allelic recessive genes, segregating independently
(Peterson et al. 1982). It should, therefore, be possible to transfer
trichomeless and bloomless genes into elite lines through backcross breeding.
Stay-green genes. Whether grown for grain and stover (dual-purpose) or for
forage, the incorporation of stay-green character is a boon for improving the
quality of fodder. Stay-green character is governed by a recessive gene, which
slows down senescence. Stay-green gene has a pleiotropic effect arresting the
decline in protein content of the aging leaves (Humphreys 1994). Stay-green
sorghum lines have been developed at ICRISAT through pedigree breeding.
Glossy genes. Appa Rao et al. (1987) identified three different non-allelic
genes in pearl mi l le t governing the glossiness of leaves. Seedling marker
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'glossy' was found to be associated w i t h shoot fly resistance and drought
tolerance in sorghum.
Sweet stalks. The value of forage sorghum or pearl mil le t depends on the
sugars left in the stover or accumulated in green forage. This is particularly
true of pearl mil let stover which has low feeding value and is considered
inferior to that of sorghum and several other cereals. Considerable variation
was observed for juiciness and sweetness of the stalks of sorghum and pearl
mil le t in germplasm collections from Tamil Nadu (Appa Rao et al. 1982) and
Rajasthan in India. Several Cameroon landraces of pearl mil le t also have sweet
stalks. Brix varies from 3 to 16% (Harinarayana 1987). Pearl mil let accessions
from Tamil Nadu are late and tall , but could be used to improve stored energy
of stover or green fodder. Sweetness is controlled by a single recessive gene in
sorghum (Bangarwa et al. 1987).
Brown midrib genes. Lignins interfere w i t h digestibility. Low lignin mutants
offer an opportunity to increase the overall digestion of plant fiber which
comprises 30-80% dry matter (Cherney et al. 1991). Low lignin mutants are
characterized by brown midrib. There are four bmr loci in maize, one bmr 
locus in pearl millet and several bmr loci in sorghum and sudangrass (Cherney
et al. 1991). Brown midr ib loci have been reported to improve I V D M D by
reducing lignin in sorghum stems by 5 1 % and in leaves by 25% (Porter et al.
1978) and N D F concentration by 13% (Fritz et al. 1981). A l l bmr genes are
recessive. Selection should, therefore, be done in selfed progenies of
backcrosses where bmr genotype is the donor. At ICRISAT, several sorghum
lines w i t h high biomass were selected for bmr trait (Table 12).
WW Hanna, University of Georgia, Tif ton, Georgia, U S A (personal
communication) has also developed several pearl mil le t forage seed and pollen
parents incorporating the bmr gene. Low lignin lines w i t h bmr gene have also
been isolated at ICRISAT
Forage quality improvement through anti-nutritional attributes
Sorghum contains tannins, phenolics and H C N that affect forage quality
adversely. Tannins in moderate quantities bind w i t h the proteins and prevent
bloating in animals, but when in excess, they lower CP and I V D M D . Tannins
are negatively correlated w i t h CP, I V D M D and ADF. Plants w i t h tan plant
color, which is controlled by a recessive gene, have low tannin (8%), while
purple plants have 10 to 18% tannins (Gourley and Lusk 1978). Phenolics
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interfere w i t h the digestion of structural carbohydrates and N D F (Reed et al.
1988). When absorbed into blood, H C N causes cellular asphyxiation and
eventual death (Hoveland and Monson 1980). H C N is under genetic control
of a major dominant gene, reinforced by mul t ip le genes w i t h additive effects
(Duncan 1996). Pearl mi l let contains lignins that affect palatability and oxalic
acid wh ich affects digestibility.
M a n a g e m e n t factors
Improvement of forage product iv i ty and quality is as much amenable to
management as to genetics and breeding. Some of these management factors
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Table 12. Characteristics of sorghum lines selected for dark midrib color at ICRISAT,
Patancheru, India during rainy season 2002.
Cultivar
B-lines
(white grain)
ICSB 293
ICSB 301
ICSB 418
ICSB 472
ICSB 474
ICSB 507
ICSB 664
ICSB 702
ICSB 731
ICSB 765
B-lines
(red grain)
IS 10475B
Varieties
(red grain)
ICSV 96114
GD 65025
No. of
entries
23
31
41
46
47
54
66
71
73
80
47
34
81
Midrib
color1
1.5
1.0
1.5
1.5
1.0
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
Brix
(%)
13.8
14.3
17.3
20.3
17.5
15.5
22.9
13.8
18.0
17.0
13.8
17.3
22.0
Days to
50%
flowering
75
77
74
81
75
80
78
75
78
69
62
69
83
Plant
height
(m)
2.0
1.7
1.4
2.1
2.6
1.7
1.4
1.8
2.4
1.4
1.1
1.6
2.3
Agronomic
desirability2
(score)
1.5
2.5
2.0
1.5
3.0
2.5
2.5
2.0
1.5
2.5
3.0
2.5
2.5
Fresh
fodder
yield
(t ha-1)
20.8
15.2
19.0
27.4
15.3
24.5
26.9
23.7
34.6
15.1
9.8
17.6
34.4
Grain
yield
(tha-1)
4.0
3.2
2.5
2.5
1.6
2.0
1.7
3.4
3.3
2.3
2.9
3.1
0.6
Head
length
(cm)
29.8
30.5
21.7
14.4
18.2
23.8
18.6
28.0
24.3
21.0
29.8
25.3
19.8
1. Score at harvest on a 1 to 5 scale where 1 = more brown and 5 = more white.
2. Score on a 1 to 5 scale where 1 = best and 5 = poor.
relate to cultural practices while others relate to applied nutrients. Effects of
various management factors on sorghum crop residue have been summarized
in a recent review (Reddy et al. 2003).
Cultural practices
Besides plant population and harvesting t ime, sowing t ime and irrigation have
been found to have the greatest effects on fodder yield and quality. For
instance, significant reduction in green fodder, dry matter content and CP
yield was observed w i t h delay in planting from 25 October to 25 November at
Urulikanchan, India (Khandale and Relwani 1991). The effects of irrigation
during summer on forage yields have been reported to be variable, depending
on the genotype, soil type and potential evapotranspiration. Irrigation (7 cm)
at different IW/CPE (irrigation water/cumulative pan evaporation) ratios of
0.25, 0.50 and 0.75 revealed that maize yielded the highest green fodder while
pearl mil let yielded the highest dry fodder when compared to sorghum,
teosinte (Euchlaena mexicana), cowpea (Vigna unguiculata) and cluster bean
(Cyamopsis tetragonoloba) at all irrigation regimes (Singh et al. 1989). But
Singh and Singh (1986) reported that sorghum outyielded maize and pearl
mi l le t at IW/CPE ratios of 1.0, 0.6, 0.3 and 0.15.
It has also been observed that transplanted pearl mi l le t produces more
stover yield than direct-seeded crop, irrespective of the seedling age
(Upadhyay et al. 2001). The response increased w i t h increased nitrogen (N)
(0 to 80 kg ha-1) application (Singh 1985), but P had no effect (Upadhyay et
al. 2001). Jayanna et al. (1986) observed that increased seed rate (20 to 40 kg
ha 1 ) had no effect on til lering forage sorghum, but the green fodder y ie ld
increased w i t h increasing seed rate in non- or low-ti l lering forage sorghums.
Green fodder yield of pearl mil le t increased up to a seed rate of 12 kg ha-1,
after which it declined w i t h increase in seed rate (Sharma et al. 1996). Pearl
mi l le t stover yield and plant height increased w i t h increasing plant density
(Singh 1985). Highest green fodder and dry matter yields were obtained when
harvested at either 60 or 75 days after sowing (DAS) than at 45 D A S .
However, opposite trend was observed w i t h crude fiber (%) being lowest
when harvested at 45 DAS (Ram and Singh 2001a, 2001b). Compared to
single-cut, mult i -cut pearl mil le t produced high forage yield coupled w i t h
good quality forage (Chauhan et al. 1990), though the magnitude varied from
genotype to genotype (Table 13).
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Intercropping of fodder sorghum w i th legumes such as cowpea, soybean
(Glycine max), horse gram (Dolichos uniflorus), and velvet bean (Mucuna
deeringiana) resulted in better green forage, dry matter and CP yields than
fodder sorghum alone (Sood and Sharma 1992, Mishra et al. 1997, Ram and
Singh 2001a, 2001b). Forage sorghum-chickpea (Cicer arietinum) produced
highest green fodder under normal conditions, but under drought, pearl mil let-
pearl mi l let ratoon prevailed over sorghum + pigeonpea (Cajanus cajan)-fallow
or pearl mil let-safflower (Carthamus tinctorius) (Al i and Rawat 1986).
Compared to sole crop, pearl mi l let mixed or intercropped w i th cowpea or
soybean produced more CP, ether extract (EE), minerals, crude fiber and N-
free extract (NFE) (Singh and Narwal 1987, Yadav and Sharma 1995).
Nutritional amendments
Nitrogen application has been found to have greatest effect on forage yield and
quality. Several studies have shown that forage sorghum responded well to
increased levels of N by producing significantly higher green forage, dry
matter content and CP (Patel et al. 1992, Sood and Sharma 1992, Vashishatha
and Dwived i 1997, Ram and Singh 2001a, 2001b, Reddy et al. 2003). The
response of fodder pearl mi l le t was positive for forage production up to 120 kg
N ha-1 (Randhawa et al. 1989, Sharma et al. 1996). Appl icat ion of N also
improved forage quality, CP, mineral matter, EE and NFE (Table 14). Increase
in N application was also accompanied by increase in stover product ion, plant
height and ti l lers plant -1 (Singh 1985). But forage pearl mi l let fol lowing
postrainy berseem (Trifolium alexandrinum) required less N application than
pearl mi l le t fol lowing wheat, oat (Avena sativa) or turn ip (Brassica rapa), 
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Table 13. Nutrient production (t ha1) of pearl millet as influenced by cutting.
Component1 Comp 5 
Green fodder 61.2
Dry fodder 9.7
DDM 5.7
Crude protein 0.80
DCP 0.45
TDN 5.4
Single-cut
Comp 1 
62.2
10.1
5.5
0.79
0.40
5.3
PHB 10
40.5
7.4
3.9
0.55
0.26
3.8
Mean
54.6
9.1
5.0
0.71
0.37
4.8
Multi-cut
Comp 5 
74.1
15.5
9.1
1.28
0.72
8.6
Comp 1 
73.6
14.7
8.1
1.16
0.59
7.7
PHB 10
56.4
11.8
6.1
0.87
0.41
6.0
Mean
68.0
14.0
7.8
1.10
0.57
7.4
1. DDM = Digestible dry matter; DCP = Digestible crude protein; TDN = Total digestible nutrients.
Source: Chauhan et al. (1990).
resulting in a saving of 50% N (Harika et al. 1986). Following the application
of P, pearl mil let produced more green and dry fodder yield than sorghum,
maize, cowpea or cluster bean (Ram et al. 1988). Sulfur (S) application
increased CP, sugars, methionine, cell contents, S:P ratio, and S:zinc ratio
(Tripathi et al. 1992a) and decreased NDF, ADF, N:S ratio and Ca:P ratio up
to 40 kg S ha-1 in forage sorghum (Tripathi et al. 1992b). Treatment of forage
sorghum w i th Azospirillum lipoferum (Pahwa 1986) or w i th Azotobacter 
(Patel et al. 1992, Reddy et al. 2003) resulted in significant increase in dry
matter production than wi thout Azospirillum or Azotobacter. The rhizosphere
was enriched w i th N, and resulted in a saving of 15 kg N ha-1.
Commercialization potential
Economics of seed production
In India, forage sorghum-sudangrass seed is produced during the postrainy
season, whi le grain/forage pearl mi l let seed is produced during the hot
summer season. The chief seed production area is in Nizamabad district of
Andhra Pradesh. Some seed production is also evident in Bellary district of
Karnataka. Congenial climate, pest-free environment, assured irrigation and
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Table 14. Response of forage pearl millet to nitrogen application1.
Genotype/ GFY
Fertilizer (t ha1)
Genotype
L72 51.1
C 5 58.3
PCB 15 53.6
CD at 5% 4.4
Nitrogen (kg ha-1)
0 38.3
50 53.3
100 63.6
150 62.4
CD at 5% 5.1
DFY
(t ha1)
9.6
17.6
10.0
1.2
8.5
12.1
14.0
14.7
1.4
Plant
height
(cm)
241
266
248
-
230
253
265
266
-
No. of
tillers
m-1
19.3
19.6
18.3
-
19.2
18.1
20.0
18.6
-
Leaf:
stem
ratio
0.66
0.54
0.62
-
0.69
0.64
0.58
0.55
-
Crude
protein
(%)
7.0
6.6
7.2
-
5.3
6.2
7.1
7.6
-
Mineral
matter
(%)
9.4
7.8
10.0
1.1
8.7
8.0
9.9
11.5
1.28
Ether
extract
(%)
1.45
1.34
1.30
-
1.30
1.31
1.39
1.44
-
Crude
fiber
(%)
26.5
32.1
9.2
-
32.1
30.1
26.4
22.4
-
NFE
(%)
56.3
53.6
52.9
-
55.4
55.2
55.5
57.2
-
1. GFY = Green fodder yield; DFY = Dry fodder yield; NFE = Nitrogen-free extract.
Source: Randhawa et al. (1989).
the desire to maximize economic returns have all contributed to successful
seed production in Nizamabad.
A system of one-year rotation, rice-pearl mi l le t in alluvial soils is
fol lowed. In the two-year rotation, first year sequence of maize-turmeric
(Curcuma domestica) -pearl mil le t (seed crop) is fol lowed by maize-forage
sorghum (seed crop) during the second year. The intensive cropping,
particularly seed production, ensures stability and high economic returns to
the farmer. Forage sorghum as we l l as grain pearl mi l le t acreage continue to
spread following good monsoon, but tend to shrink following partial failure of
monsoon.
Forage sorghum seed produc t ion is profi table w i t h yields ranging f rom
2.5 to 4.0 t ha-1 under i r r igat ion. Forage pearl m i l l e t seed product ion is
small, compared to sorghum-sudangrass or grain pearl m i l l e t seed. Some
case studies regarding forage pearl m i l l e t hybrids w i l l provide an insight
in to p ro f i t ab i l i ty of seed produc t ion . Area planted to pearl mi l l e t seed
fluctuates wide ly as water becomes more and more l i m i t i n g . Secondly,
compared to forage sorghum, the seed yields of forage pearl m i l l e t hybrids
are significantly lower, and vary between 1.0 and 2.5 t ha-1. Farmers
undertake pearl m i l l e t seed p roduc t ion w i t h the express understanding
that it is a catch crop between postrainy season tu rmer ic and rainy season
maize/rice.
Seed t rade
The sale price of forage sorghum-sudangrass fluctuates between Rs 15 kg-1 and
Rs 20 kg-1 (US$0.25-0.45 kg - 1), depending on the market demand. Though
the margin of profits is not substantial, the volume and the recurring demand
sustain the interest of the seed industry. The recent entry of a large number of
marginal traders has discouraged the registered seed industry. There is a need
to curb unregistered trade firms not supported by scientific and technical
personnel, and to encourage seed companies w i t h research, production,
processing and marketing support.
The sale price of Rs 30-50 kg -1 (US$0.70-1.10 kg-1) of forage pearl mi l le t
hybr id seed is not attractive to the farmers in view of l imi t ed harvests (cuts)
and low forage yield. L o w seed yields, l imi t ed area and lack of recurring
demand are discouraging the seed industry to venture into forage pearl mi l le t
research and development.
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Future outlook
Any-time forage
Sorghum and pearl millet either alone or in mixed or intercropping system are
cultivated for stover and forage. Sorghum stover scores over pearl millet, but
forage pearl millet is rich in protein, Ca, P and minerals, and oxalic acid content
is wi th in safe limits. Being any t ime forage, pearl millet, unlike sorghum, can be
grazed, or cut and fed at any growth stage. However, forage sorghum is more
popular than forage pearl millet . Low green fodder yield, poor ratoonability
(ability to regenerate), l imi ted market demand, variable prices and lack of
private industry support and research support have discouraged pearl mil let as
forage. Concerted efforts are, therefore, required to ameliorate this situation.
Geographical preferences
Sorghum and pearl mil le t green fodder is fed to ruminants in northern India,
while stover is common in sorghum and pearl mi l le t growing areas in southern
India. Intensive cropping, short growing season, poor growth of perennial
grasses during winter, nutrit ional quality and the need for continuous supply
of green fodder created demand for forage sorghum and forage pearl mil le t in
northern India. Sorghum varieties and sorghum-sudangrass hybrids are grown
for forage in northern India while in southern India, perennial grasses are
cultivated as annual forage is required for supply between harvests, and for
supplementing the stover. Development of annual mult i-cut high-yielding
forage sorghum and pearl mil le t is needed to correct the regional imbalances.
Multi-cut varieties
To overcome l imited ratoonability, forage sorghum and pearl mil let varieties
are repeatedly planted (staggered) for sustaining the green fodder supply
chain. High plant density ensures high yields, thinner stems and more
palatability. Efforts should, therefore, be directed at designing forage sorghum
and forage pearl mil let that tiller, grow tall and ensure multi-cuts.
Varietal choice
Many forage sorghum varieties are under cultivation, but there are very few
forage pearl mil le t varieties. Recurring demand and/or volume turnover are
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product-driven, while public and private seed industry are market-driven.
Development of mul t i -cu t annual forage sorghum and pearl mi l le t hybrids,
rather than varieties, w i l l be of interest to the seed industry. There is also
scope for the development of intra- and interspecific forage hybrids.
Forage sorghum 
Development of mul t i -cut , intra-specific, single-cross, white-grained forage
hybrids wou ld offer the widest choice for realizing forage potential of
sorghum. These hybrids provide a better alternative to forage varieties grown
during the rainy season. Diversification of interspecific, sorghum-sudangrass
hybrids for increased productivi ty and nutri t ional quality also requires
attention. Sorghum-sudangrass three-way hybrids are by far the most popular
forage hybrids, and are based on red-grained sorghum male-sterile lines.
L i m i t e d variability in red-grained sorghum seed parents, and sudangrass
pollinators further impose restrictions on the exploitation of the interspecific
forage hybrids. Focused efforts to improve the seed parents and pollinators for
forage traits like high ti l lering, fast growth, stay-green and brown midr ib
characters, resistance to foliar diseases and stem borer, high stalk sugars,
forage intake and digestibility in animals w i l l add further diversity to the
forage cultivar development. Large-seeded, red- or white-grained high-density
panicles should be deployed in seed parents. The sudangrass pollinators can be
improved for resistance to foliar diseases and high sugar content.
Forage pearl millet 
Single-cut pearl millet varieties w i t h l imited forage potential of 30 t ha-1, and 0.27
to 2.24 t day-1 ha-1 are currently dominating the forage market. Development of
intra-specific forage hybrids that combine the ability for repeated harvests (mul t i -
cuts), earliness to first harvest (cut), short harvesting intervals, quick regeneration,
the built- in tillering potential, high green fodder yield, high quality factors and low
anti-nutritional factors like oxalic acid and nitrates has tremendous opportunity to
improve pearl millet as a forage crop. Efforts should also be directed at identifying
seed parents for high seed yield. Alternatively, the feasibility of F1 male sterile seed
parents and three-way forage hybrids should be examined.
The interspecific napier-bajra hybrids give year round forage production.
Improving the nutr i t ional quality of pearl mi l le t and napier grass could
enhance opportunities for clonal selection. The hybrids of P. glaucum x P.
purpureum x P. squamulatum developed by GW Burton, Agricultural
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Research Station, Coastal Plain Experimental Station, Tif ton, Georgia, U S A
and tested in India (Ramamurty and Shankar 1998) had shown promise for
forage yield and quality among perennial grasses. Probably, such tri-species
hybrids could be developed in sorghum as wel l !
N u t r i t i o n a l q u a l i t y
Forage quality as determined by CP, I V D M D , N D F and A D F reflecting
degradable and non-degradable proteins, structural and non-structural
carbohydrates, lignin and celluloses, and anti-nutritional attributes such as
H C N , oxalic acid, tannins and phenolics have received greater research
attention elsewhere in the wor ld , but not in the arid and semi-arid tropics.
Forage quality research is complex, expensive and laboratory dependent
calling for multidisciplinary approach and multi- insti tutional alliances.
Publ ic -pr iva te p a r t n e r s h i p s
Inter-institutional partnerships involving international agricultural research
centers (IARCs), national agricultural research systems (NARSs) and private
agricultural research systems (PARSs) could forge strong interlinks for
sustaining forage sorghum and pearl mil le t research. Crop scientists, chemical
technologists, and animal health and nutr i t ion experts have a role to play in
the forage development scenario.
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Uti l izat ion of Fermented M o l d y Sorghum as
Catt le Feed
RV Sudershan, S Vasanthi and RV Bhat1
Abstract
Sorghum is subjected to mold damage if rains continue during grain development, 
maturation and harvest. Mycotoxins such as aflatoxins and fumonisins are 
produced by some of the molds that are toxic to humans and animals. Various 
detoxification methods have been proposed. Among these, biotechnological means 
of detoxification is gaining significance in recent years. A study was carried out 
to identify a probiotic organism which can be used to detoxify moldy sorghum. 
The common homemade liquid cattle feed (kudithi) was used as a source for 
isolation. A total of 11 isolates of Lactobacillus were tested for their ability to
detoxify the moldy sorghum. One isolate was selected and used in fermentation of 
moldy sorghum. Fermentation of moldy sorghum by addition oj inoculum of 
Lactobacillus decreased aflatoxin B1 and fumonisin from 42.4 ppb and 5 ppb, 
respectively to non-detectable level. Feeding trial of fermented moldy sorghum 
was carried out with the cooperation of farmers at the village level. The study 
indicated that the feed was acceptable to the animal, milk yield had increased 
and the farmers were willing to utilize the technology. 
Sorghum (Sorghum bicolor) grain is subjected to mold damage if rains
continue during grain development, maturat ion and harvest [Wil l iams and
McDona ld 1983). These molds have detr imental effects on yield and quality
of sorghum grain that include decrease in nutr i t ive value, product ion of
mycotoxins and other secondary metabolites. Many species of Fusarium have
been isolated f rom moldy sorghum and were found to produce T2 tox in ,
deoxynivalenol and fumonisins (Rukmini and Bhat 1978, Bhat et al. 1997).
Consumption of food and feeds contaminated w i t h these mycotoxins
have resulted in food/feed-borne diseases in both human and animal
populations (Vasanthi and Bhat 1998). Various detoxif icat ion methods have
been proposed to combat mycotoxin in grains (Mishra and Chitrangada Das
2003). However, many of these treatments are based on chemical treatments
that resulted in residual toxic i ty and not applicable at the household level.
Recently biotechnological means of detoxif icat ion of mycotoxins in moldy
grains is gaining significance as it does not leave any harmful residues
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(Karunaratne et al. 1990). Such methods are more relevant in India where
people have been using biotechnological approaches in microbial fermentation
for making products for consumption. A study was carried out to identify
microorganisms that can ferment moldy sorghum and improve its nutr i t ive
value. The study has three components: (1) field survey; (2) laboratory
experiment; and (3) operational research.
Field surveys
To find out a source of microorganism that can be utilized to ferment moldy
sorghum, a survey was carried out in Kammala village in Nalgonda district, Andhra
Pradesh, India where fermented liquid feed (kudithi) was a common form of
animal feed among small farmers. The composition of kudithi was 80% water, 8-
10% rice (Oryza sativa) or wheat (Triticum aestivum) bran and the remaining
10% kitchen waste (remnants of cooked rice, dal and vegetables). The kudithi is
fermented for 8-10 h before feeding it to animals. A total of 10 kudithi samples
were collected from the village for testing and isolating the microflora.
Laboratory studies
Laboratory studies indicated that all the kudithi samples had Lactobacillus sp
and yeasts. These isolates were used in fermentation studies w i t h moldy
sorghum. Of the 11 isolates of Lactobacillus, only one strain reduced the
mycotoxin content and increased the nutri t ive value. Further, fermentation
experiments w i th isolated strains indicated that fermentation improved all
nutrients but more significantly carbohydrates and iron (Table 1). Zinc and fat
contents also improved. Energy increased from 340 to 380 calories in 100 g 
(dry mass) of moldy sorghum grain after fermentation. The init ial content of
42.4 ppb of aflatoxin B1 was reduced to non-detectable level and fumonisin
could be detoxified wi th in 24 h of fermentation (Table 2). However,
Table 1. Effect of fermentation time on nutritive value of moldy sorghum1.
Nutrients
Carbohydrate (g%)
Fat (g%)
Iron (mg%)
Oh
72.4
1.6
3.55
24 h 36 h 
80.4 82.9
2.2 2.3
4.19 4.36
1. Estimated in 100 g dry mass of moldy sorghum grain.
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fermentation had no effect on tannins. Based on the laboratory studies, f ield
studies were planned w i t h mi lch cattle.
Operational research
A field t r ia l was carried out w i t h Lactobacillus sp-fermented kudithi made
from moldy sorghum, w i t h three animals chosen from farmers of Masanipalli,
a village in Cheekatimamidi Mandal of Nalgonda district w i t h the help of
volunteers of PEACE, a non-governmental organization ( N G O ) working in
this area.
One buffalo f rom each farmer was taken for the study and farmers were
asked to collect m i lk everyday separately from these buffaloes for six
consecutive days to arrive at a mean mi lk yield before starting the feeding of
experimental diet. Except the addition of fermented moldy sorghum to the
kudithi there was no difference between the diet fed before the experiment
and experimental diet. This data formed the baseline data. One hundred ml of
l iquid culture of Lactobacillus (10 -7 cfu) was given to each farmer along w i t h
500 g of moldy sorghum. Five hundred ml of water was added to the moldy
sorghum, mixed w i t h 100 ml culture and covered w i t h a l i d to create
anaerobic conditions. The mixture was kept for 24 h for fermentation. Just
before feeding, fermented moldy sorghum was mixed wel l and 8 to 10 L of
kitchen waste (rice washings and stale food) were added and fed to the
animals by the farmers. This process was repeated everyday consecutively for
a month .
Animal preference for the moldy sorghum kudithi was observed through
intake of kudithi, m i l k yield and apparent animal health. Results indicated
that animals accepted the fermented kudithi. M i l k yield increased (Table 3)
and farmers showed keen interest in further use of the technology. Three
farmers who have successfully used this technology w i l l in tu rn share the
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Table 2. Effect of fermentation time on aflatoxin, fumonisin and ergosterol contents in
moldy sorghum.
Mycotoxin
Aflatoxin B1 (ng g-1)
Fumonisin (ng g-1)
Ergosterol (µ g-1)
Oh
42.4
5.0
200.0
24 h 
ND1
ND
50.0
36 h 
ND
ND
50.0
1. ND = Non-detectable.
inoculum of Lactobacillus culture w i t h 3 other new farmers, and thus the
technology w i l l be adopted by all the 52 farmers in the village.
Conclusion
Moldy sorghum can be used as cattle feed after fermentation w i t h
Lactobacillus sp. Fermentation improves nutrit ive value and degrades
mycotoxins. However, actual economics of the entire operation needs to be
calculated before it can be recommended to the farmers.
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Table 3. Effect of feeding fermented moldy sorghum on milk output (L day1)1.
Buffalo no.
1
2
3
Before feeding
0.92 ± 0.062
1.46 ±0.046
3.65 ±0.012
After feeding
1.34 ±0.130
1.66 ±0.160
3.83 ± 0.090
1. Data are means of 15 days.
Cereals in Alcohol Industry: An Industry
Perspective
AD Mandke and Mukesh Kapoor1
Abstract
Alcohol demand will increase due to its new applications especially as biofuel. 
Global alcohol production needs to reach 40 billion L by 2010. About 33% of 
alcohol is produced from grain stocks and maize contributes the largest share. 
Major alcohol usage is for fuel. Many countries opted for alcohol blend in auto 
fuel. India plans to blend petrol with up to 10% alcohol in auto fuel. 
Asia shares 14% of global alcohol production. Asia produces nearly 44.2 
million t of sorghum grain per annum, which is mainly used for food, and partly as 
feed. India produces nearly 10.5 million t of sorghum per annum, mainly in the 
states of Andhra Pradesh, Karnataka, Madhya Pradesh, Tamil Nadu and 
Maharashtra.
Rainy season sorghum often gets infected with grain mold and is not suitable 
for human consumption. Praj Industries Ltd., Pune, India was asked to work out a 
solution to use moldy sorghum. A starch-based ethanol process was designed, thus 
making alcohol a viable proposal from moldy sorghum grain. 
Sweet sorghum, which stores sugars in the stalk, can also be used for 
production of ethanol and has properties comparable with sugarcane. Sugars can 
be extracted directly from the stalk and fermented for alcohol. Praj has also 
perfected the technology of alcohol production from sweet sorghum. 
Praj Industries L td . , Pune, India (abbreviated as Praj) is a turn-key project-
based engineering company. It has completed turn-key projects in 25
countries in five continents. The main core area of business is the supply of
plant, machinery and technology for alcohol production, and also the
technology and machinery for brewery and waste water treatment plant. Praj
has been involved in shaping some of the most challenging agricultural
processing applications for alcohol production. We have accumulated vast
experience in installing distillery projects involving different cereals. In order
to fu l f i l l the w o r l d requirement of fuel-grade ethanol, we have identified
different crops for ethanol production, including sweet sorghum (Sorghum 
bicolor) as one of the options.
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Present scenario
The present world industrial production of 33.3 billion L of alcohol is expected
to increase beyond 40 billion L by 2010. Currently, alcohol is produced from
sugar crops (60% of total alcohol production), grains plus other feed stocks
(33% of total alcohol production) (Table 1) and the remaining 7% is from
synthetic products. The usage pattern of alcohol produced is 68% in fuel, 2 1 %
in industries and 11% in beverages. Use of ethanol for blending in fuel has been
taken up by many countries. India has initiated blending of 5% ethanol in petrol;
this w i l l increase up to 10% in the second phase.
Rainy and humid conditions during grain filling and after grain setting in
sorghum results in heavy infection by several fungi, generally termed as molds.
Moldy grain is unfit for feed and food. Therefore, Praj worked out a technically
viable solution to use such grains for the production of alcohol (Table 2).
Starch-based process for ethanol
The process of ethanol production is described (Fig. 1). Sorghum grains are
stored in a dry place to avoid fungal growth. These grains are then taken for
mil l ing where they are cleaned and mi l led to form flour of suitable particle
size. Slurry is prepared from this flour using water. This slurry is then
subjected to pre-liquefaction stage w i t h enzyme additions. The slurry is
Table 2. Economics for production of ethanol from moldy sorghum grains.
Description
Cost of moldy grain (Rs t-1)
Average ethanol yield (L t-1)
Cost of feed stock (Rs L-1)
Amount/Quantity
Moldy grain
3000
410
7.30
Clean grain
5000
435
11.50
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Table 1. Ethanol yield from various cereal grains.
Cereals/Product
Sorghum
Moldy sorghum
Broken rice
Maize
Wheat
Starch content (%)
66-70
62-68
66-70
58-64
60-68
Protein content (%)
9-11
8-9
2-3
8-10
10-12
Ethanol yield (L t-1 grain)
422 - 48
390-435
420-445
370-410
375-425
heated and maintained at high temperature to gelatinize the starch. This is
followed by jet cooking in which the slurry is heated at very high temperature
for a short t ime using high-pressure steam. This slurry is then cooled and again
subjected to liquefaction process w i t h enzymes, which is known as post-
liquefaction. This process is important in reduction of viscosity, and the starch is
broken down from polymeric form to oligomeric forms such as maltose,
maltotriose, etc. The liquefied slurry is then subjected to partial pre-
saccharification using suitable enzymes and the maltose and maltotriose units of
starch are further broken down to glucose units. Glucose is a fermentable form
of carbohydrate by yeast and therefore this partially pre-saccharified slurry is
then fed to fermentors where the fermentation process begins. However,
saccharification still continues simultaneously because of the presence of
enzymes and this is known as simultaneous saccharification and fermentation.
At the end of fermentation the fermented wash is sent for distillation. Alcohol is
separated in the form of rectified spirit or extra-neutral alcohol or absolute
alcohol. The effluent may be dried to produce cattle feed or part of the effluent
can be recycled back to grain processing as mentioned above.
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Figure 1. Ethanol production using starch-based process. 
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Sweet sorghum - An alternative for ethanol production
Some sorghum genotypes have high content of sugar in the stems. These
genotypes are referred to as sweet sorghums. Sweet sorghum lines have wider
adaptability and produce high biomass and sugar similar to sugarcane
(Saccharum officinarum) (Tables 3 and 4).
In collaboration w i t h the National Research Centre for Sorghum
(NRCS), Hyderabad, India, we tested sweet sorghum variety SSV 84 at 7 
locations. The crop was grown in summer w i t h irrigation. Biomass, stripped
cane yield and ethanol yields were assessed. Crop samples from different
areas at varying crop growth stages were analyzed for various traits (Table 5).
Our observations on sugar content in sweet sorghum stalk indicated that
sugar level in the stalks decreases rapidly after grain maturity up to 2.5-3.0%
w/w. Deheading (removal of earhead) at anthesis initiation stage resulted in
Table 3. Comparison of sugar constituents (% w/w) in sweet sorghum and sugarcane.
Constituent
Total solids
Sucrose
Reducing sugars
Fermentable sugars
Fiber
Water
Sweet sorghum
25-30
6.5-7
2.5-4
9-11
14-16
70-75
Sugarcane
25-30
11.5-13.5
0.5-0.7
12-14
14-16
70-75
Table 4. Comparison of ethanol yield and other properties of sugarcane and sweet
sorghum.
Properties
Crop duration (months)
Stripped green stalk yield (t ha-1)
Sugar content (%)
Ethanol yield (L t-1)
Water requirement (%)
Fertilizers requirement (%)
Bagasse availability (t ha1)
Sugarcane
10-11
70-80
11-13
68-74
100
100
20-25
Sweet sorghum
3.5-4
47-52 (per crop)
(95-105 t yr-1)
9-11
55-65
30-36 (of sugarcane
requirement)
0-25 (of sugarcane
requirement)
12-13 (per crop)
(28-32 tyr1)
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higher percentage of sugar in stalk 18 days after deheading than w i thou t
deheaded stalk. Steps involved in the product ion of alcohol f rom sweet
sorghum stalk are given in Figure 2.
Process of alcohol production f rom sweet sorghum
The process of alcohol product ion f rom sweet sorghum includes the fol lowing
steps.
Harvesting, transportation and storage of stems 
Sweet sorghum stems are harvested mechanically or manually and
transported to the alcohol product ion plant. M a x i m u m storage period al lowed
(after harvesting) is two days.
Juice extraction operations 
Sweet sorghum stems are crushed to extract juice as for sugarcane.
Juice concentration 
Di lu te juice extracted is evaporated in a multi-stage evaporation unit to
convert i t to concentrated juice fo rm. This concentrated juice is then
fermented to produce ethanol.
Fermentation
The concentrated juice produced as syrup is d i lu ted using eff luent recycle
f rom the dist i l lat ion column and process water. This is then fermented for
producing alcohol in a continuous fermentat ion plant.
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Table 5. Evaluation of sweet sorghum variety SSV 84 at different locations in India.
Location
Pune
Kolhapur
Goa1
Chittur
Crop
age
(days)
107
115
115
117
115
115
Stalk
yield
(t ha-1)
54
54
54
32
45
45
Sugar
(% w/w)
in stalk
5.71
5.76
6.70
4.70
5.82
6.70
Expected alcohol
yield
(L ha-1)
1854
1870
2176
902
1546
1780
Expected alcohol
yield
(L t-1 stalk)
34.26
34.56
40.20
28.20
34.92
40.20
Remarks
Without deheading
Without deheading
With deheading
Without deheading
Without deheading
With deheading
1. Average of 3 locations.
Distillation and dehydration 
The fermented mash is subjected to distillation so that alcohol is separated
and concentrated to 99.6% v/v strength.
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Figure 2. Technology for alcohol production from sweet sorghum. 
Sweet sorghum
harvesting
Transportation of
sweet sorghum stem
Juice extraction Bagasse for
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Fermentation Carbon dioxide
Distillation
Ethanol
Salient features of the process offer by Praj
• Complete energy sufficiency using own bagasse.
• Integrated system for high levels of energy and water conservation.
• Extraction of additional fermentable sugars using special chemicals.
• M i n i m u m t ime required for complete extraction and increased rate of
extraction.
• Integration of available water streams for extraction.
• Opt imiz ing of process parameters, viz., temperature, t ime and p H .
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A Trial w i t h Sweet Sorghum
RV Huilgol, Ramkrishna and Govind Misale1
Abstract
The pilot project involved three units of Shree Renuka Sugars Ltd., Manoli, India: 
the Cane Department, Sugar Plant and the Distillery Unit. The work done at the 
field level by the Cane Department is highlighted in the first section of the paper. 
The trials at the Sugar Plant, which involved crushing of sweet sorghum are 
discussed in the second section. The fermentation and distillation processes of the 
project are discussed in the third section. Finally, the results of this pilot project are 
highlighted.
Shree Renuka Sugars L t d . took up a pilot project on sweet sorghum for
ethanol and sugar production at Manoli , Belgaum, Karnataka, India in
collaboration w i t h the University of Agricultural Sciences (UAS), Dharwad,
Karnataka and National Research Centre for Sorghum (NRCS), Hyderabad,
India. Shree Renuka Sugars L t d . is a 2500-TCD (tons crushing daily) sugar
factory w i t h a 11.2 MW cogeneration power plant. The sugar plant was
commissioned in November 1999 and the cogeneration plant in January 2000.
In February 2002 the company commissioned the distillery unit , producing
rectified spirit at 60 kl day-1. In February 2003 the ethanol plant was
commissioned.
Sweet sorghum (Sorghum bicolor) is the only crop that provides both
grains and stems that can be used for sugar, alcohol, syrup, jaggery, fodder, fuel
and roofing. Shree Renuka Sugars L t d . initiated this pilot project to f ind new
substrates for producing ethanol for the National Fuel Ethanol program.
Another objective was to improve the productivity of the drylands in the
factory command area by providing alternative market channel for ethanol
production from sorghum.
Work done at field level
Shree Renuka Sugars L t d . selected few farmers and supplied them w i t h seeds
procured from national institutions. The sweet sorghum genotypes SSV 74
1. Shree Renuka Sugars L t d , Plant: R.S. 367/1 , Manoli 591 117, Saundatti Tq. , Belgaum
District, Karnataka, India.
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f rom UAS, Dharwad, Madhura f rom Nimbakar Agricul tural Research
Insti tute, Pune, Maharashtra and SSV 84 from NRCS were supplied to
individual farmers at 7.5 kg ha-1 after treating w i t h Chloropyriphos and captan
for protection against shoot fly and fungal diseases, respectively. A total of 273
farmers in Karnataka were given seeds to cover an area of 220 ha (Table 1).
Chemical fertilizers l ike 10:26:26 N P K complex as a basal dose and urea as
top dressing 25 days after sowing were arranged. For the control of shoot fly
infestation, Chloropyriphos was supplied for spraying the crop. The crop was
harvested at physiological matur i ty about 100-110 days after sowing.
Crop condit ion
The crop was sown in June and performed wel l wi thou t any shoot fly
infestation as the seed was treated w i t h Chloropyriphos. Due to the long dry
spell and erratic drizzling, aphids were observed. Hence spraying of
Chloropyriphos in the infested fields was undertaken as a precautionary
measure. Wherever supplementary irrigation facilities were available, care was
taken to irrigate the fields.
Yields
Under normal conditions the yield was about 25-30 t stalk ha-1 and 2.0-2.5 t 
grain ha-1. The yie ld varied from field to field and results were noted during
final harvesting. For grain yield, Madhura and for stalk yield, SSV 84 are found
to be good.
Table 1. Sweet sorghum varieties grown by farmers in different circles in Karnataka,
India.
Circle
Manoli
Yakkundi
Yaragatti
Ramadurg
Bailhongal
Total
Madhura
No. of
farmers
19
27
1
7
8
62
Area
(ha)
15
25
1
10
4
55
SSV 74
No. of
farmers
3
0
29
23
0
55
Area
(ha)
3
0
18
17
0
38
SSV 84
No. of
farmers
50
24
30
29
23
156
Area
(ha)
38
22
26
27
14
127
Total
No. of
farmers
72
51
60
59
31
273
Area
(ha)
56
47
45
54
18
220
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Trial w i th sugar division
We crushed sweet sorghum in our sugar m i l l wi thout any modification in
mil l ing tandem and preparatory devices. Sorghum was unloaded on the feeder
tables and fed on to the main cane carrier, which leads i t to the m i l l . Sorghum
was prepared for crushing by the preparatory devices like chopper, leveler and
fibrizer. Juice from mills 1 and 2 was taken for processing after screening.
Compound imbib i t ion system was followed; imbibi t ion water was added
before last m i l l and juice f rom the last m i l l was sprayed on the preceding m i l l
and so on. Percentage of imbibi t ion was 35.46% sorghum cane.
Due to huge amount of trash (29.45% sorghum stalk), there were
problems in preparation. The main carrier slipped frequently, which affected
continuous feeding to the mills . We encountered frequent jamming of
preparatory devices. The crushing report is given in Table 2 and the analysis of
crushed sweet sorghum stalk is given in Table 3. The juice analysis indicates
that sweet sorghum juice is very rich in total reducing sugars (TRS) and
comparatively poor in sugar content; hence, it is suitable for making alcohol.
Trial at the distillery
The sweet sorghum juice extracted from the mills was pumped to the
distillery through a separate pipeline. The juice was collected in a tank and was
di luted by adding water. The di luted juice quantity kept for fermentation was
66,000 L. The di luted juice had the following properties: juice brix 12.0%;
specific gravity 1.048; pH 5; and TRS 8.64%.
For fermentation, 10 kg of baker's yeast was added along w i t h nutrients
like urea (2 kg) and diammonium phosphate (DAP) (0.5 kg) and antibacterial
sodium metabisulphite (1 kg). The di luted juice was fermented for 24 h. The
fermented wash quantity was reduced to 56,000 L due to sludge formation.
Table 2. Crushing of sweet sorghum stalk.
Particulars
Sorghum stalk crushed
Juice quantity
Added water quantity
Bagasse quantity (including trash)
Trash
Actual bagasse
Quantity (t)
112.00
66.00
39.71
85.00
32.92
52.02
% Crushed
58
35
75
29
46
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The alcohol content in fermented broth was 2.82%. This fermented wash was
taken for dist i l lat ion. The expected yie ld was 1674 L for 56,000 L of
fermented wash, but the actual yield was 1835 L of total spirit.
Ini t ial reports f rom the sugar factory show that 112 t sorghum stalk has
23.47% juice w i t h 8.5% TRS. Therefore, theoretical yield at 94 .281% pur i ty
= 1361 L of alcohol for 112 t of stalk. Table 4 shows the comparison of the
actual results and those reported in l i terature.
Conclusions
• Due to less rain, crop got affected wh ich resulted in low yield.
• Sowing should be completed before mid-June, otherwise pest infestation
w i l l increase. Once the crop is affected it is d i f f icu l t to control pests and
diseases.
Table 4. Comparison of the actual results and those reported in literature.
Description
Stalk production (t ha -1)
Total reducing sugars (%)
Juice (%)
Alcohol yield (L t -1 stalk)
Juice brix (%)
Juice pH
Actual results
25
8.50
23.47
16.38
12
5
Reports in literature
35 - 40 
16-19
45
66 - 75
14-21
4.8-5.2
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Table 3. Analysis of crushed sweet sorghum stalk.
Description
Mixed juice
Brix
Pol (sucrose)
Purity (sucrose % with respect to brix)
Reducing sugars (RS)
Total reducing sugars (Pol + RS)
Total reducing sugars (for 100 brix)
Bagasse
Moisture % bagasse
Bagasse % Pol
Fiber % bagasse
Fiber % sorghum
Amount/Units (%)
12.00
4.41
36.75
4.19
8.60
71.67
44.10
2.58
45.44
21.10
• We encountered difficulties in the processing stage. The processing system
to handle sorghum has to be studied and worked upon for better extraction
and to ensure continuous feeding to the m i l l .
• Sorghum stalk juice is more suitable for producing alcohol as it contains
more reducing sugars than sugarcane (Saccharum officinarum) juice.
• Since this is our first t r ia l of alcohol production f rom sorghum, we could get
actual yie ld less than 50% of reported yields in literature.
• Low juice content and low fermentable carbohydrates may be reasons for
low yield.
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Program for the Expert Meeting on Alternative
Uses of Sorghum and Pearl Millet in Asia
Tuesday, 1 July 2003
0815-0900 Registration [near Conference Center Foyer]
Session 1 Inaugural [Master of Ceremony: Farid Waliyar]
0900-0910 Welcome address by Director General William D Dar
0910-0920 Remarks by CFC Representative Andrey Kuleshov
0920-0930 Message from FAO FAO Representative
0930-0940 Objectives of the meeting C L L Gowda
0940-1000 Group photograph and coffee break 
Session 2 
Chair : Dyno Keatinge 
Rapporteur : Belum V S Reddy 
1000-1050 Importance and economics of cereals B Dayakar Rao, B S Rana,
(sorghum and pearl millet) production S Hyma Jyothi,
in Asia K Karthikeyan,
K A Bharath Kumar,
and N Seetharama
1050-1140 Sorghum and pearl millet - health foods J Dahlberg, J P Wilson,
and industrial products in developed and T Snyder
countries
1140-1230 Recent technologies in pearl millet Salil Sehgal, A Kawarta,
and sorghum processing and food and G Singh
product development
1230-1330 Lunch break 
Session 3 
Chair : M C S Bantilan 
Rapporteur : R P Thakur 
1330-1415 Dynamics of utilization, markets, trade P Parthasarathy Rao,
and coalitions: sorghum and millets AJ Hall, and
in Asia M C S Bantilan
1415-1440 Demand driven sorghum and millet Lloyd W Rooney
utilization - failures, successes and
lessons learned
1440-1505 Effects of mycotoxins on cereals grain F Waliyar, S V Reddy,
feed and fodder quality and R P Thakur
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1505-1525 Coffee break 
1525-1550 Cereal grain procurement, drying and Sivakumar, P S Dravid,
storage for commercial use and C Ramakrishna
1550-1615 Sorghum: A potential source of raw R B Somani and
material for agro-industries J R N Taylor
1615-1640 Processing of sorghum and pearl millet S Z Al i
for promoting wider utilization for
food purposes
1640-1715 Discussion
1900 Welcome dinner (Gazebo) — (Hosted by Dr William D Dar, D G ,
ICRISAT)
Wednesday, 2 July 2003
Session 4 
Chair : Farid Waliyar 
Rapporteur : P Parthasarathy Rao 
0830-0855 Methods and feasibility for alternative C V Ratnavathi,
ises of sorghum: Indian perspectives P K Biswas, M Pallavi,
M Maheswari,
B S Vijay Kumar, and
N Seetharama
0855-0920 Alternative uses of sorghum - methods Li Guiying, Lu Qingshan,
and feasibility: Chinese perspectives and Zou Jianqiu
0920-0945 Cereals alternative uses - methods S R Chughtai, J Fateh,
and feasibility: Pakistani perspectives M H Munawwar,
and M Aslam
0945-1015 Coffee break 
1015-1040 The commercialization of sorghum and D D Rohrbach and
pearl millet in Africa: Traditional and A B Obilana
alternative foods, products, and
industrial uses in perspective
1040-1105 Cereals alternative uses - methods and Prasit Jaisil
feasibility: Thailand perspectives
1105-1130 Sorghum and pearl millet for poultry C L N Rao, D Sudhakar,
feed A R Reddy, and
V L K Prasad
1130-1200 Forage potential of sorghum and pearl G Harinarayanaa,
millet N P Melkania, Belum
V S Reddy, S K Gupta,
K N R a i , and
P Sateesh Kumar
1200-1300 Lunch break 
Session 5 
Chair : P S Dravid 
Rapporteur : K N Rai 
1300-1315 Strategy for commercialization using I R Nagaraj
product centric and value chain
approach
1315-1340 Utilization of fermented moldy V Sudershan Rao,
sorghum as cattle feed S Vasanthi, and
Ramesh V Bhatt
1340-1405 Cereals in alcohol industry: Industry Anil D Mandke
perspective
1405-1430 Trial with sweet sorghum R V Huilgol,
Ramakrishna,and
Govind Misale
1430-1445 Potential of sorghum as feed grain B Boonsue
for Thailand and Indonesia
1445-1500 Potential of sorghum development M Dahlan
in Indonesia
1500-1530 Coffee break 
Session 6 Group meeting [concurrent]
1530-1730 Working Groups on
• Novel foods and health
• Livestock feed and forage
• Industrial products
1900 Workshop dinner (204 Banquet Hall) - (Sponsored by JK Agri-
Genetics, Proagro Seed Co., Ganga Kaveri Seeds, Prabhat Agri
Biotech, and Pioneer Overseas Corporation)
Thursday, 3 July 2003
0830-1230 Group meeting [continues)
[Coffee break - 1040-1100)
Tasks of the Working Groups are to identify research and
development priorities and potential partners from various
sectors for developing project proposal
1230-1330 Lunch break 
Session 7 Plenary
Chair : J Dahlberg 
Rapporteur : S Pande 
1330-1400 Report by the Working Group and discussion on Novel foods and
health - research and development issues and institutional alliances
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1400-1430 Report by the Working Group and discussion on Livestock feed and
forage - research and development issues and institutional alliances
1430-1500 Report by the Working Group and discussion on Industrial
products - research and development issues and institutional
alliances
1500-1520 Coffee break 
Session 8 Planning
Chair : Andrey Kuleshov 
Rapporteurs: K N Rai and Belum V S Reddy 
Facilitator : Alan D Marter 
1520-1800 Identification of research components, outputs and institutional
alliances for project development and implementation
1900 Workshop dinner (Swimming Pool) - (Sponsored by Effem India
Private Limited, Banjara Hills)
Friday, 4 July 2003
0830-1030 Planning session (continues)
1030-1100 Coffee break 
1100-1230 Presentation of research components, outputs, and potential
partners (by Alan D Marter, Consultant)
1230-1300 Closing remarks by CFC and ICRISAT
1300-1400 Lunch break 
1400-1500 Press Conference (W D Dar, A Kuleshov, C L L Gowda, F Waliyar,
P S Dravid, and G Warrier)
1500 Departure
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About CFC
The Common Fund for Commodities (CFC) is an autonomous intergovernmental
financial institution established within the framework of the United Nations. The
Agreement Establishing the Common Fund for Commodities was negotiated in the
United Nations Conference on Trade and Development (UNCTAD) from 1976 to
1980 and became effective in 1989. The first project was approved in 1991.
The CFC forms a partnership of 106 Member States plus the European
Community (EC), the African Union (AU) and the Common Market for Eastern and
Southern Africa (COMESA) as institutional members. Membership is open to all
Member States of the United Nations or any of its specialized agencies, or of the
International Atomic Energy Agency, and intergovernmental organizations of regional
economic integration which exercise competence in the fields of activity of the Fund.
CFC's mandate is to enhance the socioeconomic development of commodity
producers and contribute to the development of society as a whole. In line wi th its
market-oriented approach, the Fund concentrates on commodity development
projects financed from its resources, which are voluntary contributions, capital
subscriptions by Member Countries. Through cooperation with other development
institutions, the private sector and civil society, the Fund endeavors to achieve overall
efficiency in and impact on commodity development.
About ICRISAT
The semi-arid tropics (SAT) encompasses parts of 48 developing countries including
most of India, parts of southeast Asia, a swathe across sub-Saharan Africa, much of
southern and eastern Africa, and parts of Latin America. Many of these countries are
among the poorest in the world. Approximately one-sixth of the world's population
lives in the SAT, which is typified by unpredictable weather, limited and erratic
rainfall, and nutrient-poor soils.
ICRISAT's mandate crops are sorghum, pearl millet, chickpea, pigeonpea and
groundnut - five crops vital to life for the ever-increasing populations of the SAT.
ICRISAT's mission is to conduct research that can lead to enhanced sustainable
production of these crops and to improved management of the limited natural
resources of the SAT ICRISAT communicates information on technologies as they are
developed through workshops, networks, training, library services and publishing.
ICRISAT was established in 1972. It is supported by the Consultative Group on
International Agricultural Research (CGIAR), an informal association of
approximately 50 public and private sector donors. It is co-sponsored by the Food and
Agriculture Organization of the United Nations (FAO), the United Nations
Development Programme (UNDP), the International Fund for Agricultural
Development (IFAD) and the World Bank. ICRISAT is one of 15 nonprofit CGIAR-
supported Future Harvest Centers.
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